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Abstract
This Final Design Review (FDR) document intends to define the details of the Produce Sorting Aid senior
project–selected by four mechanical engineering students, working under the team name Team W24. The
Alameda County Community Foodbank (ACCFB) sorts bulk produce into bags or boxes for distribution
to people in need of food. However, the current process is not ergonomic, time efficient, or safe for the
volunteers at the ACCFB. The scope of the senior project is to design a mechanism that is ergonomic,
time efficient, and safe for the volunteers to lift heavy produce and distribute the produce into bags ready
for individuals to receive. This document features the background of the problems, the research into the
problems, the goals of the project, the selected final design, the manufacturing details, the test plans, and
the entire process to find a solution to the problems.
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1. Introduction
Leif Magnuson and Marcos Trujillo of the Alameda County Community Foodbank (ACCFB) introduced
the Produce Sorting Aid senior project to four Cal Poly mechanical engineering students. Team W24
comprises of Annica Navarro, Jessie Boucher, Natalie Roberts, and Teng Lee. The ACCFB seeks a
mechanism for lifting heavy produce and bagging the produce for local patrons in an ergonomic, time
efficient, and safe process. The current process is time-consuming and strains the body of volunteers, and
therefore, it discourages people from volunteering.
This Final Design Review document summarizes the process of working on the project. Chapter 2
(Background) explains the needs of the stakeholders along with existing solutions to the project problem
and technical research performed. Chapter 3 (Objectives) includes the problem statement, an engineering
specifications table, and details of the Quality Function Deployment (QFD). In Chapter 4 (Concept
Design), we discuss the process of selecting the appropriate concept design and the rationale for the
selected concept design. Chapter 5 (Final Design) provides information of the specific components, the
functions, and the cost information of the final overall design. In Chapter 6 (Manufacturing), we explain
the manufacturing procedures we performed to build the verification prototype. Chapter 7 (Design
Verification) compiles the testing methods performed to verify that the final design satisfies design
specifications. Chapter 8 (Project Management) describes the detailed process selected to complete the
project and includes information about due dates. In Chapter 9 (Conclusions and Recommendations) we
reflect on what we did during this project, what would be done differently in the future, and the future
recommendations for the sponsors.

2. Background
In order to understand the project and existing solutions, we completed thorough research on a wide
variety of topics relating to the project. First, we investigated the needs of the primary customers, Mr.
Magnuson and Mr. Trujillo, through email exchanges and interviews. We also performed thorough
research of existing solution for similar problems, using platforms like the Cal Poly Kennedy Library
OneSearch, Engineering Village, Google Scholar, Google Patents, and ASME. The following sections
present a summary of our research.
2.1

Customer Research

This project started from Mr. Magnuson's initiative to build a device that would help the volunteers at the
Zion's Tabernacle Cogic distribution center for the AACFB—located in Oakland, CA. The volunteers
give out fresh produce, canned food, and other food donations to people in the local community every
other week. They serve about 300 – 500 persons a day and distribute 2000 – 2500 pound-force (lbf) of
produce per pallet [1]. It is important for the team to design with Zion's Tabernacle Cogic needs in mind
but not limit the design to only that location because other sites may benefit from the machine.
In addition to talking to Mr. Magnuson, the team held an interview with Jen Cavenaugh, one of the
volunteers who works with Mr. Magnuson. Mrs. Cavenaugh is a member of the Piedmont City Council
and likes to give her time serving the public in her community through the foodbank [2]. The families of
1

the community often must wait hours in the line to get their food. For some of the people who line up to
receive food, this is the only food they will receive for two weeks, so the work of these volunteers and the
ACCFB is extremely important to struggling families in Alameda County. Also, the current COVID-19
pandemic and economic crisis have only exacerbated the issue of food insecurity for the community
members, so the distribution site strives to help as many people as they can. On top of a greater need by
the community, there is also a lower number of volunteers due to COVID-19.
2.1.1

Produce Research

The distribution sites receive pallets of fresh produce such as onions, potatoes, sweet potatoes, brussel
sprouts, and green beans. The produce sits on pallets in either 50 lbf sacks or 50 lbf boxes. Figure 1 shows
a picture of an onion pallet in the one of the Alameda County Community Foodbank warehouse centers
[3].

Figure 1. Pallet of Onion Bags at ACCFB Warehouse [3]
This bulk storage is great for transporting the produce from farm to foodbank, but it is a hassle to unload
the pallets and distribute the produce in much smaller amounts to people. Pallets, which are 5 - 5 ½ feet
tall of 50 lbf bags or boxes, must be distributed in quantities of about 3-5 lbf of each type of produce for
each person.
2.1.2

Past and Current Solutions

In an E-mail from Mr. Magnuson, he told us that the original method for distributing the produce was for
the volunteers to lift each 50 lbf bag or box and shake the produce into paper bags—which were then
given to the people. He stated that this "was ridiculously slow and painful" [4]. Mr. Magnuson stressed
the importance of ergonomics for the volunteers and time efficiency of the process.
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To improve his own working conditions, Mr. Magnuson built a "produce sorting machine" out of wood in
his own workshop [1]. The first iteration of his design is shown in Figure 2. He designed the machine to
sit on a table. To use this machine, the volunteer will lift a bag of produce onto the higher end of the
sorter, cut open the bag and let the produce spill out, position a paper bag, plastic bag, or box at the
bottom of the chute, and then open the sliding door to let the produce fall into the second bag. The
volunteer also usually needs to push the produce down the ramp. The process is the same for produce in
boxes except the volunteer lifts the box and tips it over to spill the produce into the chute. It is easier with
two people operating the device, but this is not always possible due to the limited number of volunteers
and multiple produce stations.

Figure 2. Prototype I with Onions at Zion’s Tabernacle Cogic Food Distribution Center [5]
Mr. Magnuson also built a second iteration of his machine which is shown in Figure 3 [6]. It works the
same as the first iteration, but it has a few improvements. For instance, this machine has legs. Therefore,
it can stand alone and does not need to be on a table. Furthermore, Mr. Magnuson added a shelf on the
back of the ramp. The volunteer can lift the bag to the back shelf and then push the bag up to the chute
[1]. This makes sorting easier because the volunteer does not have to lift the heavy bag as high.

3

Figure 3. Prototypes I (Right) and II (Left) at the Zion’s Tabernacle Cogic Distribution Center [6]
Mr. Magnuson later attached wheels to the legs of the produce sorter, but he said that it makes the
machine less stable and more likely to tip over [5]. The volunteers need to be able to safely use the device
without it tipping over but also easily transport the device at the end of the day.
Additionally, the types of bags and boxes vary, so some of the produce does not properly enter inside it
once the sliding door is opened. To combat this, Mr. Magnuson adjusts the bagging methods at the site
[5].
2.2

Lifting Mechanism Research

The report Design & Analysis of Hydraulic Scissor Lift details how common hydraulic scissor lifts
operate, the components used to build a hydraulic scissor lift, and ways analyze the components and
structure to maximize the design for its specific purpose [8]. Additionally, this report describes how
scissors lifts are excellent for lifting and holding heavy components, are portable, and can easily be
extended and compressed. After more analysis, if our team decides a hydraulic lift is the best method for
the lifting portion of our device, this article will be a beneficial reference for design and analysis. A photo
of the hydraulic scissor lift is shown in Figure 4.
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Figure 4. Hydraulic Scissor Lift [8]

A research report by Fazil et al details a manual crank lift [9]. This report describes the design and
analysis of a manual lifting mechanism that raises a platform with the crank of a gear [8]. This design
utilizes a rack and pinion gear and a worm gear to convert the rotational motion of the hand crank into
linear motion of the platform. This device exists as a simple alternative to step ladders, but the scope of
this concept could be broadened and modified to lift produce instead. A drawback to this method
mentioned in the article is that it takes substantial effort to crack the gear and lift the platform. Thus, this
may not be ergonomically better for the volunteers. A photo of the manual crank lift is shown in Figure 5.

Figure 5. Manual Crank Lift [9]
The design and fabrication of an object lifting jack is described in a report by Rout et al. The jack utilizes
a D.C. motor coupled with internal spur gear and a power screw [10]. The motor spins the gear
arrangement and drives the power screw up or down, allowing the platform on top to be lifted and
lowered smoothly and with no strain to the operator. However, this design requires a multitude of wiring
to connect the motor and gear components. These could pose potential tripping hazards to the volunteers
if not properly contained. A photo of the object lifting jack is shown in Figure 6.
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Figure 6. Object Lifting Jack [10]
2.3

Ergonomics Research

An important aspect of our design is to make it ergonomic for the volunteers using it. Ergonomics is
accounting for humans while designing living or work environments [11]. It is a design consideration
focused on making any process less straining on the human body, which in turn increases the productivity
of people since they are comfortable and stay injury-free. A key component of ergonomics is job design,
where an activity is designed in a way where the “the operator perform[s] ‘natural’ activities for which
the human body is suited over prolonged time.” When handling materials, there are a few “ergonomic
checks” to consider: move loads horizontally, deliver objects at hip height, and lift and lower objects
between hip and shoulder heights. It is best to use equipment to do heavy lifting whenever possible such
as a scissor lift table or a crane.
A widely accepted way to analyze the ergonomics of lifting and lowering is the National Institute for
Occupational Safety and Health (NIOSH) equation. The NIOSH equation outputs the Recommended
Weight Limit (RWL)—which is determined by multiplying a series of factors that consider the type of
lifting task, the weight of the object, the location to and from it is lifted, the lifting frequency, and more
[12].
2.4

Existing Product Research

During the product research process, we examined existing products that may be competitors to the
device we are designing. These existing products—referenced in [13], [14], [15], and [2] are respectively
shown below in Table 1. By researching potential competitors, our team can ensure that our potential
product is better than other people’s product, so the ACCFB has a logical reason for utilizing it instead of
buying the competitor’s product. The benchmarking of the current existing products is available in
Appendix B. The result of the benchmarking was that none of the current existing products adequately
satisfied the needs of the ACCFB.
Table 1. Existing Products
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Existing Product

Key Characteristic

Machine Vision-Based
Dried Danggit Sorter
Automated Tomato Sorting
Machine
Design of Palm Seeds
Sorting Machine
Leif Magnuson Prototype I
Leif Magnuson Prototype II
2.5







Uses Arduino and an image processing system to distinguish
different fish sizes
Uses Arduino and an image processing system to distinguish
different tomato sizes and color
Sorts palm seeds by a four-stage rotating cylinder system driven
by a motor
Sorts produce by enabling gravity to apply a downward force
onto the produce
Sorts produce by enabling gravity to apply a downward force
onto the produce and has decent success bagging the produce

Patent Research

There was also research for patents to examine other people’s past work on resolving problems similarly
experienced by the ACCFB. The problems of the ACCFB are unique, so there was no specific patent that
immediately could resolve them. However, the purpose of the patent research was to learn new ideas
based on the functions of the patents. Table 2 lists the patents—referenced in [16], [17], [18], [19], and
[20] respectively–with each having its strengths and weaknesses to the problems of the ACCFB.
Table 2. Relevant Patents
Patent Name

Patent Number

Strengths



Hybrid Wedge
Jack/Scissor Lift

US9296596B2


Economical Lifting
Device-Jack Stand

Classification
Sorter for Onion
and the Like

US6691983B2

JPH02107382A

Lifts heavy loads
Has an optional
restraint bar safety
mechanism
No electrical
power required





Inexpensive
Lifts heavy loads
No electrical
power required



Able to sort
produce into bags
Time efficient
Accurate
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Weaknesses












Has no wheels
Has no bagging
method
Unable to sort
produce into bags
Has no wheels
Has no bagging
method
Unable to sort
produce into bags
Has no wheels
Unable to lift heavy
produce
Not lightweight

Patent Name

Table 2. Relevant Patents Continued
Patent Number
Strengths


Non Lift Bag Holder
Frame

US7284732B1





Sorting Device Belt
Conveyor

JP5248473B2





Classification Sorter for
Onion and the Like

JPH02107382A




Able to bag
produce
Lightweight
Requires little
technical
knowledge
Able to sort
produce into bags
Time efficient
Ergonomically
suitable
Able to sort
produce into bags
Time efficient
Accurate















Non Lift Bag Holder
Frame

US7284732B1

Able to bag
produce
 Lightweight
Requires little technical
knowledge


Sorting Device Belt
Conveyor

2.6

JP5248473B2

Able to sort
produce into bags
 Time efficient
Ergonomically suitable






Weaknesses
Unable to lift heavy
produce
Application is for
trash bags and not
grocery paper bags
Unable to sort
produce
Unable to lift heavy
produce
Has no bagging
method
Not lightweight
Has no wheels
Unable to lift heavy
produce
Not lightweight
Unable to lift heavy
produce
Application is for
trash bags and not
grocery paper bags
 Unable to sort
produce
Unable to lift heavy
produce
Has no bagging
method
Not lightweight

List of Applicable Industry Codes, Standards, and Regulations

The health and safety standards the device must abide by are listed below.
2.6.1

Occupational Health & Safety Administration (OSHA):

Two relevant OSHA standards are for machine guarding. It is important to protect employees while in
contact with the machine and from potential hazards. OSHA defines machine guarding as, “machine that
is shielded, fenced, or enclosed by covers, casings, shields, troughs, spillways or railings, or guarded by
position or location” [21]. The first standard 1917.151(b)(10) states that no machine with defects can be
operated. Another relevant OSHA standard is 1917.151(h)(1) states that rotating parts that are 7 feet or
less above working surfaces shall be guarded to prevent employee contact with moving parts.
8

2.6.2

U.S. Food and Drug Administration (FDA):

Some of the relevant FDA standards are for materials for construction and repair and design and
construction [22]. Section 4-101.11 explains the necessary characteristics of the material for Food contact
Surfaces and Equipment. It discusses that the material must not transfer color, smells, or flavors to food.
Additionally, while in normal circumstances the material must be, “safe, durable, corrosion-resistant, and
nonabsorbent”. It needs to have a certain weight and thickness to go through 113 warewashing. The final
surface must be easily cleanable and smooth. It is desirable to be immune to defects such as scratching,
chipping, pitting, and etc.
Also, it mentions the cleanability within Design and Construction in section 4-202. Multiuse food-contact
surfaces must be smooth and clear from imperfections, sharp internal angles, corners, and crevices. It
needs to have smooth finished joints and welds. In order to clean and inspect multiuse food-contact
surfaces there are three options: no disassembly, disassembly without tools, and disassembly with the use
of common handheld tools.

3. Objectives
The volunteers at the ACCFB need a safe, time efficient, portable, robust, ergonomic, and affordable way
to lift produce up to 50 lbf from varying heights and distribute it to individuals' bags or boxes at food
bank distribution sites because the current process requires heavy manual lifting and puts an excess
amount of strain on the volunteers' bodies.
The boundary diagram displayed in Figure 7 acts as a visual representation of the produce sorting system.
The area in the circle shows where our design will aid in this process and the variable parts of the process
interacting with the design. Our team will design a product to lift produce to and from the desired heights
and improve on the existing chute to allow it to hold more produce, slide the produce with less friction,
and ensure the bag or box beneath stays open and in place. The design must also be able to interact with
any produce pallet the foodbank is distributing and any bag or box the volunteers are using to collect the
food.
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Figure 7. Boundary Diagram used for Problem Definition
3.1

Needs and Wants Table

The needs and wants of the sponsor are outlined in Table 3. This data was obtained through conversations
with volunteers and workers at the foodbank in references [1] and [2], [4], and [7]. The “Needs” section
describes requirements that must be included in the design. These items are essential to the function of the
design and will allow the volunteers to distribute food in a safer and more efficient manner. The “Wants”
section describes requirements that are not essential but are desirable. Without these items, the function
and safety of the design would not be impacted. However, including these requirements would improve
the experience of the users significantly. We fully intend to implement all specifications into our design
moving forward.
Table 3. Alameda County Community Food Bank Needs and Wants
Needs
Affordable
Portable (Wheels with lock)
Time efficient
Ergonomic
Safe
Durable
Lift 50 lbf
Height adjustable

Wants
Chute can contain full bag of produce
Light weight
Bagging aid
Food grade metal
Bag Storage (Shelf Underneath)
Stored in church basement
Requires little technical knowledge
Easy operation
Chute door locks open

3.2

Quality Function Deployment (QFD) – House of Quality

We used a method called QFD to define the problem and organize our ideas by utilizing a system called
the House of Quality. The House of Quality helped us verify if our engineering design specifications
10

satisfy our customer needs and wants. We created these engineering design specifications, or engineering
requirements, to quantify performance goals for our device. If these specifications satisfy our customer
needs and wants, this demonstrates that we correctly identified and defined the problems of our customers
and the specifications. The complete House of Quality is shown in Appendix B.
The House of Quality includes a section listing the customers on the top left of the house in Appendix B.
These include Leif Magnusson, the Alameda County Community Foodbank, any other volunteers at the
foodbank, and the manufacturer. The customers’ needs and wants are located below and to the right of the
“customers” section. These are additionally listed in Table 3. Below the “customers” section, the
importance of all needs and wants from the perspective of each customer is ranked. The engineering
specifications are located at the top of the house and are also shown in Table 4. Underneath the
engineering specifications, the correlation between each need and engineering specification is ranked. The
target values we will use to quantify the goal for each engineering specification are displayed below their
specification and correlations. Finally, the far right of the house defines products on the market similar to
the one our team will design. These were ranked against the customer requirements and test methods
defined. This method helped to lay out important elements of the design and to visualize their effects on
one another. Based on the specifications we defined, we will be able to test each customer need and want.
3.3

Specifications Table

In Table 4, we list the engineering specifications necessary to design and test the project. Each
specification is assigned a tolerance in the Tolerance column. This tolerance is either a variation from the
target value or states the target is a minimum (“Min”) or maximum (“Max”) value. The Risk column
indicates how hard we expect it to be to meet that target value. Finally, the Compliance column assigns
the general method of testing the specification.
Table 4. Produce Sorting Aid Specifications Table
Spec. #

Specification
Description

Requirement or Target (units)

Tolerance

Risk*

Compliance**

1

Cost

$2,000

Max

M

I

2

Strength

Holds 50 lbf, Lifts 50lbf

Min

L, M

T, A

3

Operation Time

10s to lift

±1s

M

T

4

Size

> 1.39 ft^3 for produce, < 33” wide and
74” tall for storage

Max

L

I

5

Weight

Under 50 lbf

Max

M

I

6

Physical strain on user

Discomfort level 2 or lower

Max

M

I
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Table 4. Produce Sorting Aid Specifications Table Continued
Spec. #

Specification
Description

Requirement or Target (units)

Tolerance

Risk*

Compliance**

7

Intuitiveness

90% of people understand how to use it
on first try

Min

M

T, I

8

Input Force for
Operation

5 lbf from user

±3 lbf

M

A, T

9

Mobility

0 movement while in use, 5 lbf to move

Max

L

T

10

Number of Hazards

0 potential safety hazards not addressed

Max

M

I

11

Lift Platform Range

Can reach at least 36 in. high relative to
ground

±8 in.

H

I

12

Bag Support

2 bagging aids

Min

L

I

13

Storage capability

0 bags or attachments not stored

Max

L

I

14

Chute Friction

1 lbf force needed to move produce
down chute

Max

L

T

15

Durability

0 deformations after 15 uses

Max

M

T

16

Material Selection

0 FDA standard violations

Max

M

I

*Risk: (L) Low, (M) Medium, (H) High
**Compliance Methods: (A) Analysis, (I) Inspection, (T) Test
Since the Preliminary Design Report, we decided to change some of the compliance methods for the
specifications table. The “Input Force Operation” specification compliance was altered from an
“Analysis” to a “Test.” We also altered specifications 10 through 12 to have “Inspection” compliances
instead of “Test” compliances.
For the Final Design Report, we decided to change the tolerance of the operation time from 5 seconds to 1
second. The number of hazards specification had the phrase “not addressed” added to provide more
clarification about the specification.
All specifications defined in Table 4 must be tested. Descriptions of the specifications and tests for each
are detailed below.
1.

Cost will be assessed based on the inspection of receipts from the cost of materials and
manufacturing. It is important to see if it is affordable for the Alameda County Community
Foodbank.

2.

The strength of the device will be quantified through testing and analysis to determine if failure
will occur under a minimum of 50 lbf to lift. It is important to see if it is durable and can lift
the required 50 lbf of produce.
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3.

A timer will be used to test how long it takes from start to finish to lift the produce off the pallet
and distribute it into the individual's bag. It is important to see if the device is time efficient and
easy operation.

4.

The size will be inspected through the measurement of length, width, and height of the device
and its components. It is important to see if the device is portable, the chute can contain a full
bag of produce and be able to be moved through a door to be stored in a church basement.

5.

The weight of the device will be measured. It is important because it influences if it will be
portable and light weight.

6.

An inspection survey for the level of physical strain the user has from using the device. It is
important to know if the device is ergonomic, the bagging aid helps more than hinders, has easy
operation, and how any interaction from the user during the lifting the 50 lbf of produce affects
him/her.

7.

An inspection survey on intuitiveness of the device will be used to inspect if 90% of people can
use it on their first attempt. It is important because easy of operation and requires little technical
knowledge.

8.

Analysis and testing will be used to determine the input force from the user needed to both
lower and raise the lifting platform with 50 lbf of produce. It is important for the ergonomics to
know how much input force is needed from the user.

9.

A pushing test will be conducted on the device to see if it is mobile to transport, and a test of
the stability of the device will be conducted to ensure it does not move in place. It is important
to make sure it is portable on wheels, light weight, and it can be stored in church basement.

10. The device will be tested and inspected based on the hazard checklists and OSHA standards. It

is important to ensure the safety of those who will use the device.
11. The lift platform range of the device's lifting portion will be tested to see if it can reach the

different heights of produce from the pallet below the entrance of the chute. This has a high risk
because it will need to lift at least 50 lbf of produce from the pallet to the chute, and it needs to
be able to travel in two directions that can stop at certain heights.
12. Bag support will be tested through the addition of bagging aids. It is important that the bagging

aid provides structural support for the bags while produce goes inside.
13. Storage capability will be measured by inspection to ensure there are zero loose bags and

attachments when not in use. It is important to have storage for bags and bagging aid
attachments within the device.
14. The chute friction will be quantified by the amount of force needed to move the produce along.

It is important for time efficiency of the process.
15. Durability will be tested through fatigue analysis. It is important to make sure the device is

durable enough to withstand use through a long duration of time.
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16. Material selection will be inspected for zero violations of the FDA standards. It is important for

the durability, cleanliness, affordability, and weight of the device.
4. Concept Design
The concept design process mainly consisted of functional decomposition, concept ideation, Pugh
matrices, a morphological matrix, and a weighted decision matrix. In addition to these steps, we built
concept prototypes, created a Computer-Aided Design (CAD) model, and developed a safety hazard
check list. The completion of the concept design process resulted in a preliminary concept design.
4.1

Functional Decomposition and Concept Ideation Process

Before we could develop concept ideas to satisfy our customer needs and wants, we had to identify the
necessary functions of the design. A functional decomposition tree provided a visual diagram to
determine the multiple functions and subfunctions of the design. The top of the tree has the primary
function of the design. Below the primary function are simplistic descriptions of the design’s main
functions. Subfunctions detailing smaller aspects of the main functions are listed below some of main
functions. The subfunctions need to be met first to ensure the main functions will occur. The main
functions were: 1. Assist movement of produce, 2. Contain produce, 3. Holds bags up right, 4. Provide
mobility, 5. Provide adjustability, 6. Maintain stability, and 7. Provide storage space. The functional
decomposition tree for the Produce Sorting Aid is in Figure 8. Functional Decomposition Tree

Figure 8. Functional Decomposition Tree
Through our ideation process, we generated hundreds of ideas that we thought would best satisfy either a
main function or subfunction. First, we recorded many ideas in our team OneNote notebook for each
function and subfunction without thinking about the feasibility of the ideas, which put no limit on our
creativity. We spent short intervals of time on each main function and subfunction to generate ideas in
silence and then discussed them in an open manner. This helped to generate new ideas. At one point, we
also tried the “worst idea” approach—an approach in which we thought of the most ridiculous solutions—
to help ourselves think more outside of the box. We illustrated sketches to complement each idea, and
some of them can be seen in Appendix C.
During ideation, everyone on the team designed five concept models through rapid prototyping, with each
model representing one generated idea. The best concept models are shown in Figure 9 through Figure 17.
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The purpose of creating concept models was to test the feasibility of the ideas, provide physical
visualization of a generated idea, and generate new possible ideas. More concept models are in Appendix
C.

Figure 9. Hand Crank Lift
for Assist Movement
of Produce

Figure 12. Pedal Opener for
Assist Movement of Produce

Figure 15. Backboard with
Adjustable Hook
for Hold Bags Upright

Figure 10. Spring Loaded Lift
for Assist Movement
of Produce

Figure 13. Front Shelf Cubbies
with Trapdoors
for Provide Storage Space

Figure 16. Chute Model with
Extra Legs
for Maintain Stability
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Figure 11. Scissor Lift
for Assist Movement
of Produce

Figure 14. Hinged Leg Supports
for Maintain Stability

Figure 17. Adjustable Legs
for Provide Adjustability

4.2

Pugh, Morphological, and Weighted Decision Matrices

After generating numerous ideas for each function, it was necessary to narrow them down to the best
concepts. To do this, we first listed every idea that we generated for each function and decided on which
ones were feasible. Then, with these feasible ideas, we created Pugh matrices for each function that
ranked how well each idea met the relevant customer’s needs and wants. We chose 8 to 10 of the best
ideas for each function to appear in the Pugh matrices. The top ideas from the Pugh Matrices for each
function were placed in a morphological matrix, which helped us generate various combinations of
complete concept designs. A weighted decision matrix was then used to determine how well each design
aligned with our engineering specifications from our Quality Function Deployment (QFD). The design
that scored the highest in this matrix was chosen as our preliminary design concept. The next sections
explain each of the matrices, details of our process, and the results from using each matrix.
4.2.1

Pugh Matrix

A Pugh matrix was created for each specific function to compare the different ideas for that function and
determine which of the ideas best met our customer needs or wants. An idea that met all criteria
satisfactorily was chosen as the datum, and its total score was set to zero. All other ideas were compared
to that datum idea and were given ratings of better (+), worse (-), or same (S) for each of the customer
needs or wants. These values relative to the datum corresponded to whether the idea was better, worse, or
the same, respectively, at satisfying the need or want. These values were totaled for each idea and ranked
how well each idea compared to the datum and each other. A score greater than zero meets the criteria
better than the datum, while a score less than zero does not meet the criteria as well as the datum. We also
thought about how to adjust the negatives of strong and weak concepts to generate improvements on the
ideas. The three to five ideas with the highest scores for each function were placed in our morphological
matrix.
An example of a Pugh matrix is shown in Table 5 for the function “Hold Bags Upright.” The sketches for
the ideas in this Pugh matrix were made very small to fit it in the page, but they can also be found in
Appendix E. Pugh matrices for the rest of our design’s functions are also displayed in Appendix E.
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Table 5. Pugh Matrix Example, for the Function “Hold Bags Upright”
Front
shelf with
chute
hooks and
flange
(Leif’s)
(Datum)

Adjustable
L bars
with
crossbar

Metal
vertical
cubby

Target
bag
holder
with
hook

Adjustable
Hooks

Backboard
with
detachable
/ hanging
hook

Affordable

S

S

More
material

-

+
Less
material

S

Durable

S

S

S

S

S

Moving
part

Light
Weight

S

S

-

S

S

S

Time
Efficient

S

+

-

+

+

Height
Adjustable

S

+
Adjustable

+

+

->

Ergonomic

S

+

Safe

S

Aids
Bagging

S

Paper and
Plastic

S

Easy
Operation

S

Requires
Little Tech
Knowledge
Total:

Extendable
front
section to
grab back
of bag

Side L
Bars
with
hooks
on side

Sideways
duct with
tilted
platform

4 Hooks
on Sides

More
material
Moving
parts
More
material

More
material

-

+

+

+

S

More
material

-

S

+

+

+

S

+

+

+

+

+

+

+

->

->

->

->

->

->

->

S

+

+

+

+

+

S

S

S

S

S

S

S

S

S

+

S

+

S

+

+

+

S

+

+

(yes, if
hooks)

Only
plastic

Only
plastic

+

+

+

+
(Yes, if
hooks)

Plastic
only

+

S

+

+

+

+

+

-

+

S

S

S

S

S

S

S

S

S

S

0

6

-3

3

4

5

3

-1

5

1st

9th

6th-Tied

5th

2nd-Tied

6th-Tied

5
2ndTied

8th

2nd-Tied

Criteria:

Rank:

Yes both
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Awkward

+

4.2.2

Morphological Matrix

A morphological matrix contained the best three to five ideas of each function from the Pugh matrices.
Based on the best three to five ideas of each function, we selected one idea from each function into one
combination of multiple ideas based on consideration towards feasibility and functionality. We developed
a total of 5 possible combinations. Table 6 demonstrates the morphological matrix showing the
combination for Design Concept 5. We highlighted the ideas chosen for Design Concept 5, which we will
explain later in this section. We will also describe the process we used to create Design Concept 5 later in
section 4.2.3 because this design concept was not created during the first iteration of the weighted
decision matrix.
Table 6. Morphological Matrix for Design Concept 5 Idea Combination
Functions
1 a. Support
Produce Movement
from Pallet

Elevator/forklift

Accordion lift

Scissor lift

Spring loaded
platform

1 b. Support
produce
flow/amount

Hand crank to open
flap

Flap with pedal to
operate

"Pin ball" game
bumpers with crank

Flappy latch

2. Contain produce

Slope profile to flat
bottom

Tilted trapezoidal
chute

Round with a ramp
exit

Tilted half cone

3. Hold bags upright

Adjustable L bars with
crossbar and flange

Backboard with
detachable hanging
hook

Side L bars with
hooks on side

Extendable front
section to grab
back of bag

4. Provide mobility

Wheels on bottom of
chute and
folding/adjustable legs

Big wheels

Wheelbarrow

Roller Platform

5. a. Shelf
adjustability

Lever to move front
shelf with handles

Pedal to push
platform down

Crank to vertically
move front shelf

5. b. Leg
adjustability

Regular leg clips

Music stand legs

Elementary school
table click buttons

6. a. Structure
stability

Corner brackets

Cross bracing

Shelf support

6. b. Wheel Stability

Wheel feet

Single-caster locks

Multi-caster locks

Raise wheels
from floor when
in use

7. Provide storage
space

Shelf connecting all
four legs

Cubby right
underneath exit
chute

Front shelf cubby

Hooks on side
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Legs w/ pins in
holes

Wide entrance
with curved sides

Grocery cart selflocking wheels

Table 7 displays the 5 combinations of ideas developed by us to generate the design concepts.
Table 7. Concept Combinations
Produce
Movement
from
Pallet

Control
Produce
Flow

Contain
Produce

Hold Bags
Upright

Provide
Mobility

Shelf
Adjustability

1

Accordion
lift

Hand
crank to
open
flap

Tilted
trapezoidal
chute

Extendable
front
section to
grab back
of bag

Wheels on
bottom of
chute with
adjustable
legs

2

Elevator
forklift

Hand
crank to
open
flap

Tilted half
cone

Adjustable
L bars

3

Springloaded
platform

Crank to
open
"Pin
Ball"
bumper

Slope to
flat profile

Elevator
forklift

Pedal to
open
flap

Tilted
trapezoidal
chute

Elevator
forklift

Hand
crank to
open
flap

Tilted
trapezoidal
chute

Concept
No.

4

5

Leg
Adjustability

Structural
Stability

Wheel
Stability

Provide
Storage
Space

Crank to
vertically
move front
shelf

Music stand
legs

Shelf
support
connecting
legs

Raise
wheels
from
floor
when in
use

Cubby
underneath
chute and
shelf
support

Wheelbarrow

Pedal to push
platform
down

Legs with pin
holes

Cross
bracing

Wheel
feet

Front shelf
cubby

Backboard
with
detachable
hook

Big wheels

Crank to
vertically
move front
shelf

Music stand
legs

Shelf
support
connecting
legs

Multicaster
locks

Shelf
support

Extendable
front
section to
grab back
of bag

Wheels on
bottom of
chute with
adjustable
legs

Lever to
move front
shelf

Music stand
legs

Shelf
support
connecting
legs

Raise
wheels
from
floor
when in
use

Cubby
underneath
chute and
shelf
support

Big wheels

Crank to
vertically
move front
shelf

Music stand
legs

Shelf
support
connecting
legs

Multicaster
locks

Cubby
underneath
chute and
shelf
support

Adjustable
L bars

The labeled images of these 5 combinations are shown in Figure 18 through Figure 21 and Figure 23. We
do not show Design Concept 5’s sketch here because it came during the weighted decision matrix
process.

Figure 18. Design Concept 1

Figure 19. Design Concept 2
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Figure 20. Design Concept 3

Figure 21. Design Concept 4

As we made these design combinations from the morphological matrix, we discovered that there were
ideas that were better than others of the same function. We found ourselves avoiding certain ideas in the
morphological matrix and favoring others. These top ideas are listed below by function, and we explain
why they were favored.
1. Produce Movement from Pallet
o Elevator/Forklift: The elevator concept was favored over the scissor lift, accordion lift, and
spring-loaded platform because it is more compact and inherently safer. The system to power
the elevator will be contained in the base structure, so the only part sticking out is the elevator
platform. The platform can be designed to collapse against the side of the machine, so it is less
bulky for storing. The scissor lift and accordion lift are bulky since their base must sit on the
ground behind the machine. Also, the scissor and accordion lifts have many pinch points in the
crossing linkages that control the lifting. The spring-loaded lift may take up the same small
space as an elevator, but it would require partially exposed high-tension springs, which is
dangerous to the user.
o The concept of a forklift refers to the pulley system commonly used in forklifts. A simple
schematic for a forklift mechanism is shown in Figure 22. Though we initially planned on the
elevator being powered like a forklift, we realized there were other methods to lift the elevator
platform. From this point forward in the report, we refer to this “elevator/forklift” concept as
just the “elevator” concept.

Figure 22. Forklift mechanism, using hydraulic cylinders and a pulley [23]
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2. Control Produce Flow
o Hand Crank to Open Flap: The hand-crank mechanism to open the produce-exit door was the
simplest design for this function, both for building and using. It is intuitive to use since it is a
simple lever to rotate the door outward. The other options (the "pin-ball bumpers" and the foot
pedal actuator) seemed difficult to operate and complicated to design.
3. Contain Produce
o Tilted Trapezoidal Chute: This idea for containing the produce beat out the other ideas (tilted
half-cone and slope-to-flat profile) mainly because it is the easiest to manufacture and is nearly
as effective as the other ideas. The half-cone and sloped-profile ideas would be more effective
in reducing the resistance against the produce flow, but the difficulty of manufacturing a curved
metal sheet ruled out these options.
4. Hold Bags Upright
o Adjustable L-Bars with Crossbar and Flange: This concept with the "L-bars" was the only one
that did not use a backboard as a bagging aid. The backboard in the other ideas was to keep
falling produce from collapsing the back of the bag, but we believe the flanges at the end of the
L-bars can be designed well enough to keep the bag from falling. The crossbar allowed for easy
extension while the flange and L bars pushed the front and back open. Without the backboard,
the adjustable L-bars require less material and are less bulky, making it the ideal bagging-aid.
5. Provide Mobility:
o These two options allowed the machine to be mobile and remain stable when the machine is in
use.
 Big Wheels: If locked securely when the machine is stationary, large wheels will give the
most stability because they contact the ground with more surface area than regular
wheels.
 Wheels on Bottom of Chute: In this concept, the wheels are connected to the bottom of
the chute platform (or storage shelf). Adjustable legs come down past the wheels to
stabilize the machine while in use. When the machine needs to be mobile, the adjustable
legs will collapse to above the wheels, so the wheels touch the ground.
6. Adjustability
o Crank to Vertically Move Shelf: This option is simplistic, does not take up much space, and
would be easy for the user to understand how to operate.
o "Music Stand" legs: These legs consist of a smaller size segment on the bottom that fits into the
upper part of the leg and is held in place by a set-screw tightened with a knob. This kind of
adjustable legs is also common in tripods. Since this concept is very common, we believed that
it was the easiest to use and still effective at holding up the machine.
7. Stability
o Shelf Support: This concept was both considered good at maintaining structure stability and
good for increasing storage space. Since it satisfied two functions, it was the favored over the
other stability concepts.
21

o Multi-Caster Locks: These locks would pair well with the Big Wheels considered for the

Provide Mobility function. Also, they can lock multiple wheels at once and restrict both rolling
and swiveling of the wheels.
8. Provide Storage Space
o Cubby Underneath Chute: Paired with the Shelf Support concept, we thought that an extra
storage cubby right next to the bagging area was ideal. It is easy to access since it is at hip-level
and is adjacent to the bagging area. This beat the other storage idea of putting a cubby below the
bagging shelf, which would require the user to bend down to access it.
4.2.3

Weighted Decision Matrix

A weighted decision matrix, shown in Appendix F, was used to compare our design concepts by
determining how well they each met our engineering specifications. A score of 1-5 was assigned to each
design for every specification. A score of 5 meant that the design was ideal for that specification. Each
specification had a weight of importance that was determined in the QFD, and the score for each design
was multiplied by that weight. These scores were totaled for each design and the concept with the highest
score was determined the best.
Our team first created Design Concepts 1 through 4 and ranked them in the weighted decision matrix.
Design Concept 2 was the initial winner, with Design Concept 4 as a close second and Design Concepts 1
and 3 trailing behind. Design Concept 2, shown in Figure 19, included a tilted half cone chute to hold the
produce, an elevator and forklift mechanism to raise the produce, adjustable L bars to open bags, two
locking wheels on the front legs and no wheels on the back two legs, cross bracing between all legs, and a
storage cubby below the bagging platform. We felt this design performed the functions of holding open
the bags for the produce and lifting the produce well. However, we thought that the tilted half cone chute
would be hard to manufacture and that some of our other designs performed the functions of mobility of
the device, storage, and stability better.
Since we were not completely satisfied with all aspects of Design Concept 2, we created Design Concept
5, shown in Figure 23, using the ideas that we liked from Design Concept 2 and all the best ideas from the
other designs. The chute in this design was changed to a tilted trapezoid for easier manufacturing, big
wheels with multi-caster locks were added to all four legs for increased mobility and stability, and a shelf
was added between all four legs for stability and increased storage space. We ranked this design against
all the others in the matrix to see how it compared. Appendix F mentioned above shows the final
weighted decision matrix with Design Concept 5 as the top ranked design concept. It surpassed them all
due to its high ranks in size, strain on user, mobility, bag support, and durability.
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Figure 23. Design Concept 5 Sketch
4.3

Final Concept Design
Our team’s preliminary final concept design consists of:









the elevator and forklift hybrid operated by a rechargeable battery to lift heavy objects
a hand crank to open the front flap of the chute for controlling produce flow
adjustable L bars with a crossbar and flange to hold the bags upright
a tilted trapezoidal chute to contain the produce
a hand crank to adjust the vertical height of the front shelf
4 “music stand” legs each with knobs to adjust the height
a bottom shelf support and a cubby on the left and right side to provide storage space for and
maintain some stability to the design

We drafted a Computer-Aided Design (CAD) model of the preliminary final concept design. It is shown
in Figure 24 with labels pointing out the important functions. The CAD model shows all the different
functions put together in one clean design, and through this model, we started to explore how all the parts
fit together in 3D space.
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Produce Exit
w/ Hand Crank

Chute
Elevator
Power

Flange

Adjustable
L-Bars

Elevator
Platform

Adjustable
Bagging Shelf

Main Shelf/
Support
Storage
Cubby

Locking Wheels

Figure 24. Labeled CAD Model of Conceptual Design
In addition to a CAD model, the team physically designed concept prototypes of each function. We
decided to design multiple subsystems of the entire system instead of one entire concept prototype. The
prototype subsystems are shown in Figure 25 through Figure 28. More views from different perspectives
of the prototype subsystems are shown in Appendix D. The concept prototypes provide physical
visualization of the generated subsystems, verify the functionality of the subsystem, and generate new
possible concept ideas.
The prototype in Figure 25 models the functions of providing storage space and maintaining stability. A
cubby to hold bags was built below the front of the platform, and a shelf connecting all four legs was built
towards the bottom of the device. The cubby allows for easy access to bags while using the device and the
shelf support doubles as extra storage space and stabilization. We found this design to be very sturdy and
provide adequate storage. However, since may of the other functions opertate in front of the cubby, they
may block its opening. If we find this to be a problem in the detail design, we will move the opening to
one or both of its sides.
The prototype for the functions of holding bags upright and shelf adjustability can be seen in Figure 26.
Holding bags upright and open was done by a flange and two adjustable L bars with a crossbar ontop to
allow for equal extention. The L bars slid in and out of their own little cubby. In order for the L bars not
to fall out when extended, we decided to attach two little stops at the front of the cubby to catch the L
bars’ back connection. We also learned that the L bars had a forward tilt when fully extended; therefore,
we needed to increase the height of their back connection. The flange held back the inside of the bag
while the front of the L bars pushed the inside of the front of the bag open when extended to the desired
distance. The flange needed to have enough surface area to hold onto the bag, and its width had to be less
than the space between the two L bars. Also, the combination of flange and L bars with a crossbar would
allow for paper and plastic bags to be filled. The plastic bags’ ears would hang on the extra portions of the
crossbar. We will determine in testing if we need to add more hooks to the sides. Also, we decided from
building that a hand crank for the adjustable bagging shelf was not feasible at the time. It can still be
24

considered for the future design. We adjusted the bagging shelf platform through the use of symmetrical
linear and curved slots, similar to the way the grill of a small park barbeque is adjusted. This allowed for
it to be moved easily up and down, and it helped with weight distribution across the platform.
Platform

Flange

L bars cubby

Crossbar
Storage
Cubby

Adjustable
L bars
Adjustable
Bagging Shelf

Shelf
Support

Linear Slot with
Curved Teeth (4)

Figure 25. Stability and Storage Prototype

Figure 26. Bagging Aid and Adjustable Shelf
Prototype

The prototype for containing the produce and controlling the flow of the produce is shown in Figure 27.
The narrow white box represented the front and exit of the chute while the widest section of the chute
represents the back of the chute. There was one wall on each side of the chute with two slant angles. The
first angle occurs from the exit of the chute to a short distance away from the exit of the chute, and the
second slant angle occurs the remainder of the distance from the exit of the chute to the entrance of the
chute. We used a green straw as a crank to operate the chute door. The straw functioned but very poorly.
Thus, it did not allow us to come to conclusive results for the best method of opening the chute. We are
currently in the process of determining if the chute should open with its axis of rotation from the bottom
of the chute or open from the top of the chute. After constructing this concept prototype, we learned that
the chute should ideally not have two slant angles. These two slant angles on each side create a sharp edge
at the wall. This sharp edge could cause possible deflections of produce in the chute if the produce rolls
near the side of the wall. The sharp edge is not a large-scale problem, but it should be avoided.
The prototype for produce lifting can be seen in Figure 28. It is comprised of an elevator platform
controlled by a pulley system and powered by a hand crank. This prototype helped us determine that the
elevator mechanism is an effective way to lift produce. Although the pulley and hand-crank system
works, we will consider other options (such as a chain and sprocket mechanism) in the detailed design.
Also, we will need to determine if the elevator will be powered manually or electromechanically. This
discussion of manual power or electromechanical power was discussed later in the preliminary analysis
section of the report.
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Figure 27. Contain Produce and Control Produce
Flow Prototype

Figure 28. Produce Lifting Prototype

Though we have a CAD model and some physical concept prototypes, there remains some uncertain
details of the design. For instance, we still need to decide on the exact pully system in the elevator
forklift, how much space the lifting mechanism will take up, the location of a possible counterweight, the
location of the chute door, the exact gearing system used for the crank in the bagging platform, and the
material and finish of our design. These unknowns will be decided with further research and prototyping.
One of the big design decisions that is still an unknown is the mechanism and power source of the
elevator lift. We used a pulley and hand crank system in our concept prototype, but this may not be the
best method. Figure 29 and Figure 30 show two more examples of elevators powered by a hand crank.
The former shows a rack-and-pinion style power transfer and pulley that doubles the displacement of the
rack, so the elevator moves twice the distance the rack moves. The latter uses gear ratios to assist the
lifting, which can be configured to have less strain on the user and a faster lifting time than the simple
pulley.
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Figure 29. Pulley with Rack-and-Pinion, Powered
by a Hand Crank

Figure 30. Gears Powered by Hand Crank

We also are considering using electromechanical power for the lift.
Figure 31 shows a design very similar to the current pulley system design. However, it incorporates a
motor to power the pulley in place of the hand crank. Rechargeable batteries to power the motor would be
placed below the chute behind the rotating parts. We performed preliminary analysis to explore the
feasibility of using a motor, mainly answering these questions: Is there a motor that can supply the power
needed to lift the elevator in a timely manner, and a rechargeable battery compatible with the motor that
will last the time that the distribution center needs?

Figure 31. Drums Powered by Motor
Our preliminary analysis for the lifting process included creating a free body diagram of our lifting
platform and mechanism with and without a bag/box of produce. We sketched work-energy diagrams to
show initial and final energy states of the elevator platform. Only gravitational potential energy was
required. The work-energy method determined that total work was around 9700 J to raise the produce
from different heights and to lower the platform to different heights for the unloading of one pallet. We
estimated that there were 5 levels of produce with 6 bags/boxes each. The lifting portion was modeled to
lift about 55 lbf of produce and the 5 lbf platform from 5 different datums to the chute height of 44 inches
off the ground. The lowering portion was modeled after lowering only the 5 lbf platform down to the 5
different height datums. These two values of work were added up to calculate the total energy necessary
for one pallet, and then multiplied by two to calculate total overall energy (9700 J) for two pallets–the
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expected number of pallets unloaded at Zion on distribution day. This value is useful for finding a
rechargeable battery that could supply this much energy without needing a recharge.
Also, to supplement our search for a motor that would supply enough power for lifting, we determined the
maximum amount of power necessary to lift one bag/box of produce from the lowest level. It was
calculated to be around 52 Watts not accounting for the power source’s and motor’s efficiency. All
calculations are displayed in Appendix G.
We are confident this device will meet our customer’s needs, as these needs were at the center of our
engineering design process.
4.4

Preliminary Design Hazards

Our team used the Design Hazard Checklist, shown in Appendix M, to pinpoint the potential safety
hazards our design could possess. First, we found that our design includes a few potential pinch points.
These are present in the pully system for the lifting mechanism, the chute door, the track the adjustable
shelf moves along, and where the lifting mechanism platform meets the chute. We plan to reduce these
hazards by enclosing the lifting mechanism pulley system and track for the adjustable shelf. We will pad
the edges of the chute door so that no painful pinching will occur when closing the chute door and make
the lifting platform maximum height 4 inches lower than the top of the chute, so no hands can get stuck
in-between. Also, this system will also be moving a large mass on one end and could potentially tip and
hurt the user. We plan to include a counterweight to account for the addition of heavy produce bags.
This device is going to be used mostly outside, and thus, it is susceptible to the weather. We plan to have
the top layer of the chute be coated with polyethylene, a food safe and bacteria resistant plastic, to ensure
the food has a cleanly place to roll down. The rest of the metal on the device will be coated to reduce the
possibility of rusting. A rechargeable battery will be used to power the lifting mechanism. This battery
will be stored underneath the chute and in an enclosure to ensure that it is not going to harm the user and
is protected from the outside weather. This device will be safe to use only if it is operated for its intended
purposes.
5. Final Design
The Critical Design Review (CDR) final assembly is a versatile device that can lift heavy bags of produce
and sort the individual produce for distribution to patrons. The most important factors while developing
this design were ergonomics, safety, and time efficiency. For the CDR, we altered some design decisions
stated in the Preliminary Design Report (PDR), which we explicitly note in this chapter’s subsections.
Our final design for the CDR consists of 9 subassemblies: lifting mechanism, elevator platform, chute,
gate door, bagging aid, adjustable shelf, table support, shelf support, and wheels. An isometric view of the
CAD model of the final CDR design is featured in Figure 32. After CDR we made some design changes
to improve the manufacturability and structure of our original design. These changes are described in
Section 5.10.
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Figure 32. Isometric View of Final Assembly CAD Model
Each subassembly consists of components – some of which are organized into sub-subassemblies. The
specific quantity of parts for each subassembly is available in the indented Bill of Materials (iBOM)
located in Appendix H. Appendix H also displays some of the specific dimensions and the part numbers.
Table 8 summarizes the sub-subassembly and/or components for each respective subassembly.
Table 8. Summary of Sub-Subassembly/Components
Subassembly
Lifting Mechanism

Elevator Platform

Sub-Subassembly/Components
Top Shaft Assembly:
Top shaft
Idler Sprocket
Base-Mount Shaft Support
Spring Shaft Assembly:
Spring shaft
Idler Sprocket
Track Roller
Guide Rail
Gas Spring
Roller Chain
Roller Chain Attachment
Bolts
Plastic Back Platform
Plastic Platform
Square Aluminum Tubing
Track Roller
Guide Rail
Screws
Bolts
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Table 8. Summary of Sub-Subassembly/Components Continued
Subassembly
Chute

Gate Door

Bagging Aid

Adjustable Shelf

Table Support

Shelf Support

Sub-Subassembly/Components
Chute Wall
Chute Floor
Ball Stud Mounting Brackets
Fasteners
Gate Door
Gate Uprights (4X)
Gate Uprights (2X)
Unthreaded-Hole Round Pull Handle
Corner Mount Flat Spring
Screws
Bolts
Table Top
Adjustable L bar cubby assembly:
Adjustable L bar Cubby
Metal Cubby Squares
Adjustable L bar assembly:
Crossbar
Adjustable L bars
Adjustable L bar front push
piece
Inside Metal Stopper
Flange
Hex Bolts
Flat Washers
Lock Nuts
Shelf Standards
Shelf Brackets
Shelf Platform
Plastic Spacers
Screws
Hex Bolts
Flat Washers
Lock Nuts
Perforated Aluminum Tubing
Perforated Steel Tubing
L-Brackets
Nuts
Lock Washers
Bolts
Pins
Sheet Metal
Nuts
Lock Washers
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Table 8. Summary of Sub-Subassembly/Components Continued
Subassembly
Shelf Support (Continued)
Wheels

5.1

Sub-Subassembly/Components
Bolts
Sheet Metal
Nuts
Lock Washers
Bolts

Lifting Design and Analysis

At the time of the PDR, the design for the lifting mechanism was still in question. Our concept prototype
consisted of a hand crank and pulley system, but we were also considering powering the crank by a motor
(like in Figure 31). These both were based on the concept of a winch, where some cable would be wound
up by drums on a rotating shaft. We discussed both options with our sponsors Mr. Magnuson and Mr.
Trujillo, and both options ended up being too slow to lift than what our sponsors required. Mr. Magnuson
emphasized that lifting speed is very important at the Zion distribution center, and if the machine did not
work quick enough, he might be inclined to go back to lifting the bags by himself – defeating the purpose
of the lift.
With that feedback, we brought forward the lifting concept of a spring-loaded mechanism. It would
require little to no extra time compared to hand-lifting and would still decrease the lifting load for the
volunteers. For this concept, the equilibrium position of the springs would be when the elevator platform
is at the top. When the platform is lowered, the springs are moved from equilibrium, but they will enact a
restorative force, increasing linearly, that tries to move the platform back to equilibrium. This spring force
would add to the upward force the volunteer will put on the platform and produce bag, making the 50 lbf
bag feel lighter.
The first design based off this concept is shown in Figure 33. In this design, the elevator platform is
connected to a chain, and the chain wraps over two idler sprockets on a stationary “top shaft” and a
moveable “spring shaft,” which move vertically along a fixed rail. Extension springs are attached to the
spring shaft and a stationary support below. When the elevator platform is pushed downward, the chain
pulls the spring shaft upwards, and the springs are stretched. Then the springs produce a restoring force
that pull the elevator platform back up.

Figure 33. Early Spring-Loaded Lift Design Sketch
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This design was a good start, but we realized there needed to be damping action to slow down the
platform. With just the springs, if the platform were released from the very bottom without a 50 lbf bag
weighing it down, it would fly up and present a danger to the user and anyone nearby. For this reason, our
final design replaced the extension springs with two compression gas springs. This design is shown in
Figure 34. These gas springs provide a restoring force when compressed, which will assist the lifting, but
they have built-in damping and slow down the compression and extension to a safe speed. Gas springs are
found in the rear door of a hatchback in which they assist with lifting the rear door but do so in a slow and
controlled manner.
Top Shaft

Sprockets

Gas Springs

Roller Chain
Rollers
(hidden)

Guide Rails

Spring Shaft
Track End Caps
(hidden)
Figure 34. Lifting Mechanism CAD Model
As shown in Figure 34, we kept the chain, sprocket, shaft, and rail design of the original spring-loaded lift
design. We then attached the gas springs to the spring shaft and the bottom of the chute. The ends of the
gas springs are ball-socket joints and can be rotated to fit the desired mounting orientation.
We performed an engineering force analysis to determine how much force is needed from the gas springs
to size them correctly. A sketch of the network of forces in the lifting mechanism is shown in Figure 35.
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Figure 35. Force Network Sketch
The purpose for the spring-loaded lifting mechanism is to provide an upwards force on the elevator
platform to lessen the load of the produce bags. In our design configuration, the gas springs will be
compressed when the platform is all the way down and will exert a force on the spring shaft. The vertical
component of that force is the amount of lifting assistance the mechanism gives the user, while the
horizontal force is support by the guide rail. We chose a gas spring that would exert a force of about 93
lbf when fully compressed and about to extend—which in the platform-down configuration would result
in a downwards force component of 32 lbf. With two gas springs, this would result in 64 lbf of lifting
assistance. An estimate for the elevator platform weight is around 5 lbf, so the lifting assistance from the
gas spring will make the bag “feel” like it is -9 lbf. It should also be noted that lowering the platform from
the top would take 66 lbf of force. We recognize that this is a high force, even though gravity and body
weight would help lower the platform. If this is too much, we will consider using a gas spring with lower
rated forces. Details of this analysis and of how we chose which gas spring to use is in Appendix G.
The two shafts – the top shaft and the spring shaft – will be machined from bar stock, so we chose the
specific dimensions and material. Designing the size of the shafts required a detailed stress analysis that
provided the factor of safety (or how many times stronger than what is needed for normal use). The top
shaft has three diameters, and the spring shaft has two diameters, due to the shoulders needed to position
the idler sprockets on both and the shaft mount for the top shaft. We calculated the maximum bending
moment and shear stress for each diameter and included stress concentrations to determine the expected
total stress for each diameter. These values and their corresponding factors of safety with 6061 Aluminum
(yield stress of 16 kpsi) are listed in Table 9. The details for this analysis are also in Appendix G.
Table 9. Factors of safety for lifting mechanism shafts
Part Name
Top Shaft
(111010)
Spring Shaft
(111110)

Diameter
(in)
1
.875
.625
1
.875

Expected Stress
(psi)
2600
3860
3950
4220
3480
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Allowable Stress
(psi)
16000
16000
16000
16000
16000

Factor of Safety
6.2
4.2
4.1
3.8
4.6

From the same force diagram in Figure 35

, we determined the factor of safety for two more important parts – the roller chain and track rollers. In
Table 10, we list the expected force, the maximum force as listed by the manufacturer, and the
corresponding factor of safety for each of these parts. The calculation for the maximum load experienced
by the track rollers is part of the gas spring sizing analysis in Appendix G.
Table 10. Factors of safety for lifting mechanism parts
Part Name
Track Roller
Roller chain
5.2

Part No.
111130
111400

Expected Force
(lbf)
86.7
65.5

Allowable Force
(lbf)
300
190

Factor of Safety
3.5
2.9

Elevator Platform

For the PDR, we had no detailed plan for the elevator platform. Now, we know the structure and materials
of the elevator platform. The CAD model for the elevator platform is shown in Figure 36.
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Figure 36. Elevator Platform CAD Model
The platform consists of a frame made of 0.75” square aluminum tubes attached with brackets and
screws, shown in Figure 37 The surfaces are made of high-density polyethylene (HDPE), since it is strong
a light, all connected together with brackets and fasteners. The platform will have track rollers that roll
along steel guide rails bolted to the table frame.

Figure 37. Aluminum Tube Frame CAD Model
Hand calculations were performed on the lifting platform to determine the stresses put on the 4 brackets
due to the weight of a 50 lbf bag of produce and the platform itself. With the assumption that 70 lbf is
applied as a point load in the center of the platform, we found a bending moment of 105 lbf-in applied on
each of the brackets. We then found the stress that would be applied to each bracket due to this moment,
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and these stress values were compared to the yield strength of their respective materials. The brackets on
top of the platform, made from stainless steel, were found to have a factor of safety of 1.26 and the
brackets on the side, made of zinc plated steel, had a factory of safety of 12.6. Details of the calculations
can be seen in Appendix G.
These values suggest that the platform should be sturdy enough for our intended uses, especially since
there are also aluminum tubes under to platform that will take some the estimated load off the brackets.
However, further testing is required to come to a definite conclusion and more support can be added if
necessary. We are especially concerned that the HDPE will crack under the loads of the heavy produce
bags, so we are already looking at different materials. More of this is discussed in Section 5.11.
5.3

Chute Design and Analysis

Since the PDR, we altered the physical shape of the tilted trapezoidal chute. The chute has a trapezoidal
shape, but there is one slant angle from each of the two sides of the chute instead of two. This omission of
two slant angles enables the chute to have fewer sharp angles and edges. Furthermore, the manufacturing
process will be easier with one slant angle. We chose HDPE as the chute material due to its high
durability, significantly low density, relatively low price compared to some metals, and the ease when
manufacturing. In addition, the Food and Drug Administration (FDA) approves of HDPE being in contact
with food. We will screw the two chute walls and the chute floor together to create the chute. The back of
the chute will be attached to the table by bolts, and the front of the chute will be attached to the gate
design by screws. An isometric view of the CAD model of the chute is featured in Figure 38.
After the CDR, we chose stainless steel as the raw material for the chute due to the ease when
manufacturing and its relative cleanliness when touching food. There also was a chute brace that consists
of one aluminum U-channel because the two sides of the thin chute were flimsier than anticipated. An
updated isometric view of the CAD model of the chute is featured in Figure 38.
Chute Wall
(2X)

Chute Floor
Ball Stud
Mount Bracket
(2X)

Figure 38. Isometric View of Chute Subassembly
5.4

Gate Door Design and Analysis

The gate door design was altered after the PDR and after the CDR. The original gate mechanism had a
hand crank and a door that opened 90 degrees from a hinge. The largest issue with this design was that the
door would take too long to open. Our gate door design after the PDR specifically addressed this concern.
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We added a total of six gate uprights, a gate, two corner mount flat springs, and a door handle in the
overall gate design. The six gate uprights and the chute door are all made from HDPE. The two corner
mount flat springs and the door handle are made from zinc. The metal selection for these three items was
not important because these they will not interact directly with the produce.
There are four identical outer gate uprights, and two are identical middle gate uprights in this
subassembly. Each side of the gate door subassembly has three gate uprights that stand vertically adjacent
next to the front of the chute. Each group of gate uprights consists of two of the outer gate uprights and 1
of the middle gate uprights. The two groups of gate uprights will be connected by screws. The gate door
slides in between the two groups of gate uprights by a corner mount flat spring on each side of the middle
gate uprights. Each corner mount flat spring remains in place by one end screwed into a gate upright,
while the other end is free to move as the spring compresses. The compression exerted by each corner
mount flat spring keeps the gate from naturally falling after it is lifted, and the gate door can continue to
move if each corner mount flat spring is compressed. A person can move the gate up quickly because
there is a door handle on the front of the gate. To add some more versatility, we decided to screw three
hooks on the exterior side of each of the middle gate uprights. These hooks can be used to hold plastic
bags with ears on the top. We will attach the gate door design to the table support through fasteners. An
isometric view of the CAD model of the gate door is available in Figure 39.

Figure 39. Isometric View of Gate Subassembly
5.5

Bagging Aid Design and Analysis

After the PDR, we altered the bagging aid design, shown in Figure 40, to improve the manufacturing
process and functionality. The previous design used 0.125” thick 6061 Aluminum sheet due to its light
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weight and low cost compared to other materials. We planned to cut this into metal strips and then bend
or weld them together. However, later we realized it was not possible to bend that thick of metal, and
welding might warp the material. It is important to minimize the amount of deformation in this design due
to the specific dimensions the adjustable L bar cubby needs to work correctly. In the previous design, the
adjustable L bars were cut to size and bent. The crossbar had excess length across the adjustable L bars.
Table Top

Adjustable L bar
Subassembly

Adjustable L bar Cubby
Subassembly w/ Metal
Cubby Squares
Figure 40. Bagging Aid Subassembly CAD Model

The first bagging step using this bagging aid system is to place the plastic bag ears on a pair of hooks
attached to the gate door assembly (skip this step for a brown bag). Then, the user puts one side of the bag
behind the flange. Finally, the user pulls the crossbar outwards until the adjustable L bar front push pieces
are in full contact with the bag’s inside front portion. The bag will be held opened at this point. The inside
metal stopper allows keeps the L- bars level and stops it from falling out. This L bar assembly lies inside
the adjustable L bar cubby assembly.
The adjustable L bars and crossbar are made of 0.125” thick 6061 Aluminum bars, since they need to be
thick enough to not bend when the L bars are extended. Also, we shortened the length of the crossbar to
minimize damage to plastic bags. The other parts of the assembly – the adjustable L bar cubby, adjustable
L bar front push pieces, metal cubby squares, and the inside metal stopper – will be cut from 0.063” thick
6061 Aluminum sheet. The metal cubby squares are a new addition to the assembly and will attach to the
adjustable L bar cubby. They will have a hole for bolting the cubby to the tabletop. We also increased the
size of the front push pieces so the bagging aid will have more surface constant with the bag.
5.6

Adjustable Shelf Design and Analysis

We changed the adjustable shelf design after PDR to what is shown in Figure 41 to better meet our
sponsor’s needs. Our previous design had troubles with feasibility since the concept prototype’s slotted
sides were in the way of easy bag removal. Also, the slotted sides required special manufacturing and
careful assembly to ensure the shelf platform is level. It was also a difficult to move up, which negatively
affected efficiency. We also had the idea for a hand crank to move the shelf platform up and down;
however, the design was too complex for what was required. It was suggested that we cut slots into the
front legs as a simpler approach. This did not work with our adjustable leg design since it would inhibit
the leg inserts from properly moving up and down.
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Figure 41. Adjustable Shelf Subassembly CAD Model
Our current design is similar to a shelving unit mounted on a wall or used in a fridge. The subsystem
function is to provide support for the bag as it is filled with produce, and its adjustability accommodates
for different bag heights. The user can move the front shelf up and down by inserting the hooks of the
shelf bracket into the oval slots of the shelf standard. Our sponsors asked for an adjustability range of 8 to
22 inches below the bottom of the gate, with at least seven different positions in between. We decided we
will purchase the shelf standards and brackets “off the shelf” to minimize manufacturing, and these
products provide 16 slots of adjustability – much more than suggested. This is beneficial because it
increases the chances that a bag’s bottom will be properly supported. The shelf platform and plastic
spacers will be made from HDPE due to its impact resistance, which is important since produce will
repeatedly fall onto the shelf platform.
5.7

Table Support Design and Analysis

The table support design, shown in Figure 42, was altered slightly after the PDR. The original design
included round tubing for the legs and a sheet of thin metal, acting as a table top that legs would connect
to.
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Figure 42. Table Frame Design
We decided to make the frame entirely out of perforated square tubing to allow for more adjustability in
our design and ease in manufacturing. We also reduced the length of the sheet metal used for the tabletop
to minimize the weight of the device and leave space for the gas springs. Most of this structure will be
made from aluminum except for the adjustable lower legs, which will be made from galvanized steel.
Aluminum was chosen for the bulk of the structure due to its light weight and high strength. We chose
steel for the lower legs because steel will be taking the highest loads in the device and has a higher yield
strength than aluminum, and we could not find perforated aluminum tube in our desired size.
Additionally, we decided to attach tubing between the front and side legs of the structure to increase the
stability of the design. These tubes will be attached with aluminum L-brackets, and zinc bolts, nuts, and
lock washers.
To ensure this tubing was strong enough for our application, calculations were done to find the maximum
force the tubing could take before failure. Using Johnson buckling theory, we found both types of tubing
can take around 30 kilo-pound force per square inch (ksi) of axial force. This leads to factors of safety of
about 300 and 120 for the aluminum and steel, respectively. This is the main way the device will be
loaded, and these maximum stresses far exceed any stress our device will undergo. Details of these
calculations can be seen in Appendix G.
5.8

Shelf Support Design and Analysis

In the PDR, the shelf support was designed to run under the entire length of the device and bolt to each of
the four legs on the table. This was intended be the main source of storage and support for the device.
However, after further analysis, we realized this design would not provide adequate support to the
structure. Thus, as mentioned in the table frame design, tubing will be added to the front and sides of the
table to provide stability and an aluminum sheet with ledges will be bolted on top of the support bars to
provide storage space. We also decided to reduce the length of the shelf to about half the device’s length
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to minimize the weight of the device and allow for more space for the lifting mechanism to operate. This
new design is shown in Figure 43.

Shelf Support

Figure 43. Shelf Support Design
5.9

Wheel Design and Analysis

The original design during the PDR of the wheels consisted of four locking wheels with each pair of the
wheels connected by a multi-castor lock. The largest concern with the wheel design was that the weight of
the overall design would either cause the wheels to potentially fail or make the overall design wobble
while stationary. We decided to make the overall design have two purchased wheels at the front and move
like a wheelbarrow. The use of two front wheels allows for more stability and lower risk of wheel failure.
The back of the chute has the highest loads because the back is where the lifting mechanism operates, and
the lower steel legs would support the high loads instead of the wheels. We removed the multi-castor
locks because the time duration to lock the overall device would be reduced with the use of only two front
wheels, so the multi-castor locks are unnecessary. To provide a locking mechanism, the wheels
themselves have preinstalled locks. The two front wheels have square stems with mounting holes because
the lower steel legs have square tubes. The mounting holes enable for the use of bolts to connect the
wheels and the square steel tubes together. A picture of the wheel is available in Figure 44. Caster wheel
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Figure 44. Caster wheel
5.9. Structural Prototype
Due to difficulty getting parts delivered to us and limited shop time, we were not able to build as much of
our structural prototype as we had hoped. Our original plan was to build the table frame and lifting
mechanism. However, we were only able to construct the table frame and elevator platform structure.
Many the items needed to construct the lifting mechanism, like the shafts and sprockets, took longer than
expected to acquire, and some of the items did not fit together as we had hoped. Thus, we had to return
and reorder them. This experience taught us to factor in a least a week of lead time for purchasing and
delivery when ordering items, and we should expect manufacturing in the shop to be an extensive process
as well.
To build the table frame, we used a circular saw to cut the steel and aluminum tubing to their adequate
sizes and a grinder was used to smooth any rough edges. The brackets, nuts, lock washers, and bolts
connect the 1.5” x 1.5” aluminum tubing in the upper frame, and the 1” x 1” steel tubing for the lower
leges connect to the upper legs with pins to allow for easy adjustability. A picture of this prototype in
shown in Figure 45.

Figure 45. Table Frame Structural Prototype
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We found that the upper structure was stable. However, there was too much clearance between the 1”
square steel and 1.5” square aluminum tubes of the legs. This caused the entire structure to be wobbly.
We plan to increase the size of the steel tubing to 1.75” x 1.75” and have the aluminum tubes sit inside
them. This will reduce the clearance between the two tubes and increase the surface area contacting the
ground. With this change, we expect this will increase the stability of the device.
For the lifting structure, we cut the 0.75” x 0.75” aluminum tubing with a circular saw and a grinder was
used to smooth off the rough edges. We used a drill press to drill the necessary holes into the aluminum,
and the holes with the help of screws connected the brackets that connected the tubes. A picture of this
structure is in Figure 46.

Figure 46. Elevator Platform Structure
We found this structure to be a bit wobbly with just the tubes and believe welding would be a better
method for these connections. However, we hope that once the platform is installed on this structure, it
will increase its stability. The HDPE that acts as the platform was found to be too flimsy to hold a 50 lbf
bag of produce alone. Thus, it was not connected to the structure at this time, and we plan to put Poplar
wood under the HDPE it for extra support. We also realized the roller tracks for the lifting platform
cannot fit on the table structure with L-brackets connecting the back legs to the side tubes, as the bolts for
these brackets stick out where the tracks will need to be placed. Thus, we decided to replace those Lbrackets with surface brackets on each of the sides.
5.10 Design Changes after CDR
The most important aspects of our final design described above stayed the same. Most of the changes we
made after CDR were for practicality and were necessary for manufacturing and assembling our
prototype. For all the assemblies, we specified the fasteners used to hold it all together.
Only the roller chain connections changed in the lifting mechanism. We used industrial safety pins to
attach the roller chain to the table structure and steel cable to connect to the elevator platform. For the
elevator platform, we increased the general size per our sponsor’s request and added aluminum tube
cross-pieces and side brackets for better support. Also, we decided to weld the platform together, which
made it even more structurally sound and decreased the number of parts. The most important change of
the elevator platform was switching the guide rails from facing outwards to facing inwards towards each
other. This made it so the round edge of the track rollers took the load of the platform instead of the flat
face, which would have made the rollers bind to the guide rail.
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We changed the chute’s raw material to stainless steel from high density polyethylene (HDPE) due to
easier manufacturing and ability to keep clean after touching food. A chute brace, made from an
aluminum U-channel, was added for extra support because sides of the chute were flimsier than
anticipated. Two inside-corner reinforcing brackets were used to attach the chute to the table top and
inside corner brackets attached the chute to the table structure.
We used two aluminum U-channels as tracks for the gate door. This allowed it to slide through a flat
surface on each side and made the manufacturing process easier. The two-corner mount flat springs were
not in the final design because the gate door’s clearance between each U-channel was smaller than
anticipated. The friction between the HDPE gate door and each aluminum U-channel had enough force to
hold the door stationary. An aluminum gate door brace was made to keep the gate door between the Uchannels when moving. Without this brace, the door occasionally slipped outside of the U-channels. Four
rectangular aluminum sheets were used to attach the gate door to the chute.
We determined the bagging aid assembly needed to be secured with rivets instead of the Gas tungsten arc
welding (TIG) due to limited time and welding experience. Consequently, we added new holes for the
table top and the adjustable L bar cubby, and we changed the metal cubby squares to metal cubby
rectangles that were bent at 90o to allow for us to rivet the pieces together. Additionally, we made the
flange from the Aluminum sheet metal since we already assembled the chute to the table top. We could
no longer secure our purchased flange to the table structure since the chute was in the way. We increased
the flange’s length to ensure it that it has enough contact with the bag.
The adjustable shelf assembly required for a few changes to the standards, fasteners, and the addition of
an aluminum support base. The standards needed an extra hole to secure them to the table structure.
Fasteners to secure the standards to the table structure changed since the ¼”-20 screws did not fit the ¼”
holes. Additionally, an aluminum support base was added underneath the HDPE adjustable shelf
platform, so it would not crack from the produce impact and weight. Fasteners were changed to #6-32 x
3" since the shelf bracket holes did not fit the previous #10-24 screws.
The main structure of the table remained the same. However, we added additional components to allow
for the attachment and support of other assemblies. We connected two 3” aluminum tubes to two 30”
aluminum tubes with brackets and fasteners and then placed this component on the top of the table
structure. This gave the chute more sturdiness. The adjustable legs were also changed from 1” X 1” steel
tubes inside the aluminum tube to 1.75” X 1.75” steel tubes that slide outside the aluminum tubes. This
allowed there to be less clearance between the two tubes and for the overall structure to be sturdier.
A couple of changes were also made to the shelf support. Two slots were cut into one side of the shelf to
eliminate interference between it and the gas springs. Also, two holes were drilled on the other side of the
shelf to allow for bolts from the adjustable shelf standards to attach to the table structure.
5.11 Cost Analysis
According to our indented Bill of Materials, the estimated cost of our entire system was around $2000,
not accounting for cost of shipping or taxes. The most expensive system in this machine was the lifting
mechanism, which total around $500 for all the components. The tracks and rollers used in the spring
shaft and sprockets where the most expensive parts of this system. These components totaled about $320
altogether. Due to the fact this system is one of the most complex of our design, the cost is justifiable,
since we wanted to ensure we purchased durable components of good quality to handle the heavy lifting.
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The cost for the table frame totaled around $250. This expense includes all the tubing needed to form the
table, legs, and supports. The cost for the components of the lifting platform, which include aluminum
tube for framing, and HDPE for the platform itself, and tracks and rollers for the platform came out to
around $300. The chute totaled $200 for the stainless steel, and the gate assembly cost around $40 for the
necessary HDPE, handle, and U channels. The materials for the bagging aid, adjustable shelf, and support
shelf totaled about $200 for the required aluminum sheet metal, HDPE, and standards. Finally, the wheels
cost about $50 for both, and all the brackets and fasteners totaled around $400. Most of the fasteners were
easy to buy in bulk and relatively inexpensive, but some of the brackets brought up the price.
Accounting for both Cal Poly and sponsor funds, our team had a budget of $3000. We spent
approximately that amount to purchase all part necessary to prototype and redesign the device and had
parts to spare after the final product was finished. A summary of these costs can be seen in Table 11, and
a more detailed cost analysis is in Appendix K.

Subsystem
Lift Mechanism

Lift Platform
Table Frame
Chute
Subsystem
Gate

Bagging Aid
Adjustable Shelf
Shelf Support
Wheels
Brackets and Fasteners
Total Cost

Table 11. Summary of Costs
Component
Spring Shaft Tracks and Rollers
Shafts and Supports
Gas Springs
Chain and Attachments
Sprockets
HDPE
Aluminum Tubing
Platform Tracks and Rollers
Perforated Aluminum Tubing
Perforated Steel Tubing
Leg Pins
Stainless Steel
Table 11. Summary of Costs
Component
U Channels
HDPE
Aluminum Parts
Door Handle
Aluminum Sheet Metal
L-Bar Assembly
Standards
HDPE
Aluminum Sheet Metal
Aluminum Sheet Metal
Wheels
Brackets
Fasteners
$2000
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Approximate Cost
$160
$60
$75
$30
$160
$100
$50
$160
$190
$55
$10
$200
Approximate Cost
$15
$10
$5
$10
$90
$5
$10
$15
$25
$50
$50
$200
$200

5.12 Safety, Maintenance, and Repair Considerations Analysis
The overall design is safe for users, but there are some inevitable hazards involved in its use. To mitigate
these hazards, we ideated the potential hazards and developed contingency plans. The potential hazards
and their contingency plans are available in the Failure Modes and Effects Analysis (FMEA) and Design
Hazards Checklist—located, respectively, in Appendix L and Appendix M.
From our Failure Modes and Effects Analysis, we were most concerned with the lifting mechanism being
difficult for the user to operate. The difficulty of operation included the complexity of the design, the
extended operation time, and the possible user input pain. We agreed that we should perform a detailed
force analysis of the lifting mechanism and develop some new lifting concepts for comparisons. When
these two tasks were completed, we altered the design of the lifting mechanism to essentially become a
simple pulley system in which chains could lift the platform with the 50 lbf produce. The pulley system is
less complex, requires a short time, and causes little pain. Other items—such as the potential damage to
the gate door and the difficulty of operation of the adjustable shelf—on the FMEA were a concern, but
both recent design changes and prototype time limitations forced the other items of concerns to become
obsolete or unnecessary.
The Design Hazards Checklist featured a breakdown involving potential hazards from the overall design.
For our design, the pinch points and sharp edges were the two main potential hazards. To resolve
potential pinch points, we enclosed potential pinch point areas with one aluminum metal sheet at the back
and three acrylic safety shields. To resolve potential sharp edge points, we smoothed sections with sharp
edges. For some sharp edges such as the ones from the stainless steel chute, we applied rubber edge trim
and electrical tape to prevent the exposure of the sharp edges.
The overall design mainly consists of metal, so the overall design will be functional for a long period of
time. If the metal corrodes and the overall design needs some maintenance, most of each individual part
can be disassembled and replaced, so the overall design will not fail to operate when one individual part
becomes unusable.
5.13 Remaining Concerns
Though we believe that the overall design will function correctly, there are some remaining concerns
involving satisfying the customer needs.
One of these concerns is that the lifting mechanism will not work exactly how we hope it will. We are
confident with our calculations and estimated forces, but they are all based on a theoretical model of the
system. Our next step toward determining if the mechanism will work is to finish building what we had
previously planned for the structural prototype. We expect there will be at least two versions of the lifting
mechanism–a version for preliminary testing and an approved version for the verification prototype.
We are also concerned the HDPE sheets will not be strong enough to handle the impact and loads of
operation. The ¼” sheets we have for the structural prototype already seem too flimsy and brittle, even
before we have attached them to the elevator platform. We plan to test the HDPE with the finished
structural prototype, but also order samples of other materials. These other materials will include ½”
HDPE and stainless steel. We will test more materials as we do more research and gather suggestions.
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6. Manufacturing Plan
The manufacturing plan is a detailed outline of the manufacturing processes used to build our overall
design. Due to limited time and the manufacturing skills of our team, we designed our machine to use as
many “off the shelf” components as possible. Many parts needed to be cut to size and fastened together,
and some parts required gas tungsten arc welding (GTAW/TIG). The lifting mechanism had the most
complex assembly, since the shafts needed to be machined on a lathe and mill, and the mechanism was
complicated to assemble. The next most complex assembly was the bagging aid due to the large number
of manufacturing steps.
6.1

Procurement and Final Budget

Most of the components for this project were purchased from McMaster-Carr because the website made it
convenient to find the exact specifications for many parts. However, we ordered the caster wheels from
Amazon, the HDPE sheets from TAP Plastics, fasteners from Home Depot and Lowes, the stainless-steel
and aluminum sheet metal from OnlineMetals, adjustable shelf standards and brackets from Miners Ace
Hardware, and the gas springs from G&G Fleet Supply.
For this project, we were allotted $500 from Cal Poly and $2500 from our sponsors. We ended up
spending a little over that amount from both funds. These funds allowed us to purchase the materials
needed for our project and gave us room to test out different designs and materials for our device. We
expect that replication of our final design will cost approximately $2000.
6.2

Manufacturing

The manufacturing process of the overall design involved numerous machine operations. These included
sawing, sanding, turning, milling, and drilling. Each of the nine subassemblies have their own unique
manufacturing or assembling process, which are described in the sections below. More specific details of
the manufacturing process, can be found in Appendix J.
6.2.1

Lifting Mechanism

The lifting mechanism was the most manufacturing-intensive subassembly of the design. Manufacturing
the top shaft and spring shaft required a lathe to turn and face bar stock, as shown in Figure 47, and the
spring shaft required milling for the slots and holes where the gas springs were connected. The spring
shaft also required four tapped holes. Once we finished machining the shafts, we secured the sprockets
onto the shafts using retaining rings and threaded track rollers onto the ends of the spring shaft.
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Figure 47. Natalie at the Lathe Working on One of the Lifting Mechanism Shafts
On the completed table structure, we bolted the spring shaft guide rails. We then slid the track rollers of
the assembled spring shaft onto the guide rails and secured track roller end caps to the bottom of the guide
rails. We then secured the assembled top shaft to the table structure with base-mounted shafts supports.
Finally, we used a chain breaker to alter the length of the roller chains and added roller chain attachments
to the ends. We then wrapped the chain around the sprockets of the top and spring shafts. One end of each
chain was attached to a cross-piece of aluminum tube above the spring shaft, using two eye-bolts and a
cotter pin on each side. We attached the other end of the chain to the elevator platform with 1/16” steel
cable, secured with crimped-on ferrules.
6.2.2

Elevator Platform

The elevator platform consists of an aluminum frame that supports two sheets of HDPE (one flat for the
platform and one vertical for the backing). The aluminum frame is made of aluminum tubes and bars,
which were cut to size using a circular saw and then welded together using the GTAW weld process by
Kevin Williams, the welding professor in the IME department. During manufacturing we realized that the
HDPE sheets were flimsier than we thought and needed more support. We used extra aluminum pieces to
reinforce the structure, part of which is shown in Figure 48. Our final platform design incorporates this
extra support and more for the back of the platform as well.
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Figure 48. Part of the Elevator Platform Structure, with Some Added Support, Welded Together
Once the frame was complete, we attached the HDPE sheets to the frame using flat-head bolts. These
bolts go through holes we drilled in both the HDPE and the aluminum frame, and we countersunk the
holes in the HDPE so the bolts sit flush against the platform. Next, we screwed four track rollers into the
threaded holes of the aluminum bars. The final elevator platform is shown in Figure 49.

Figure 49. The Final Assembled Elevator Platform (Minus the Track Rollers) in the Machine Shop
With the elevator platform completely assembled, we bolted the elevator platform guide rails onto the
table structure, slid the track rollers into the guide rail, and again secured track roller end stops on the
bottom of the guide rails. Finally, as mentioned before, we attached the roller chains from the lifting
mechanism to the back of the elevator platform using the roller chain attachments and steel wire. The
lifting mechanism and elevator platform assembled is shown in Figure 50.
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Figure 50. Assembled Lifting Mechanism
6.2.3

Chute

The chute’s function is to contain the produce before it is bagged by the user. To manufacture the chute,
we asked a shop technician to cut the metal sheet with a waterjet to the proper trapezoidal dimensions of
46” at the back, 27” at the front, and at an angle of 77.3 along the sides. We bent both the walls using a
large metal brake. The photos of the two previously mentioned steps are shown in Figure 51 and Figure
52. Stainless Steel Chute after being Bent by the Figure 52. To prevent the walls of the chute from being
flimsy, we added a chute brace to the front of the chute, which consisted of an aluminum U-channel cut
by a horizontal bandsaw. A hacksaw produced the gap to insert the U-channel through the walls of the
chute. To attach the chute to the table structure, we used a hand drill with a step bit to produce the
necessary holes. We used scissors to cut black rubber edge trim as padding for the top of the chute walls,
and we super glued the rubber trim to ensure the material would remain on the chute walls.
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Figure 51. Metal Sheet after Waterjet Cut

Figure 52. Stainless Steel Chute after being Bent by the Large Metal Brake
6.2.4

Gate Door

The gate door is responsible for controlling the flow of the produce as the produce travels through the
chute. The gate door design consists of four main components: two pieces of aluminum bar (what we call
the “gate uprights”), two pieces of aluminum U-channel, a gate door brace consisting of an aluminum
sheet, and a rectangular piece of HDPE for the door. We used a handsaw to cut both the aluminum bar
stock and the aluminum U-channel stock, each into two equal pieces. After cutting, we used a file to
smooth the edges of the four total pieces. We drilled and tapped holes in the gate uprights and used
screws to fasten three J-shaped hooks onto each gate uprights. Tungsten Inert Gas (TIG) welding through
the assistance of a shop technician enabled each gate upright to connect side-by-side with one U-channel.
We used the step shear to yield a thin, rectangular-shaped aluminum sheet for the gate door brace.
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To create the gate door brace, we used the finger break to bend the aluminum sheet at 90 degree angles on
both short sides, and we used the drill press to drill two holes on each short side. We then attached this to
the top fasteners on the gate door. To attach the gate door to the chute, we used the step shear again to
yield four thin, rectangular-shaped aluminum sheets. We drilled one hole into each sheet with a drill
press, and a shop technician TIG welded two sheets onto each gate upright. Fasteners connected each hole
of the four aluminum sheets to the holes of the chute. We purchased a door handle on McMaster-Carr, so
we drilled holes inside the HDPE door to attach the door handle. The result of the final gate door design is
available in Figure 53.

Figure 53. Final Design for the Gate Door

6.2.5

Bagging Aid

The bagging aid keeps the paper and plastic bags open for produce to fall into. It has the adjustable L bar
cubby assembly, adjustable L bar assembly, flange, and table top. The Mustang 60 water jet cut the
adjustable L bar cubby’s profile from a 6061 Aluminum sheet metal in Figure 54 left, and a finger brake
bent its three tabs. Metal cubby rectangles were cut and bent from the 6061 Aluminum that also had
drilled holes for it to be riveted to the adjustable L bar cubby. The adjustable L bar assembly had the
inside metal stopper and adjustable L bar front push pieces cut to size by the sheet metal step shear, and
we rounded some of their corners with the sheet metal belt sander. Additionally, the Bench Grinder
rounded the crossbar’s corners in Figure 8 right. Gas tungsten arc welding (TIG) joined the adjustable L
bars, inside metal stopper, crossbar, and adjustable L bar front push pieces to their respected places. The
flange was 6061 Aluminum cut to size with holes drilled to secure it to the table structure. The table top
was cut to size and respected holes were drilled for the Bagging Aid’s rivets and to secure it to the table
structure. We needed to rivet the adjustable L bar cubby assembly with the adjustable L bar assembly
inside of it to the table top before we secured the table top to the table structure with fasteners. The
combination of the adjustable L bar cubby and the adjustable L bar assembly are seen in Figure 55.
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Figure 54. Adjustable L Bar Cubby Profile Done on Water Jet (Left) and
Crossbar Corners Rounded on a Bench Grinder (Right)

Figure 55. Adjustable L Bar Assembly in Bent Adjustable L Bar Cubby with Metal Cubby Rectangles
6.2.6

Adjustable Shelf

The adjustable shelf supports the bag’s bottom at different levels. The adjustable shelf standards were cut
and sanded down to size by the vertical bandsaw and belt sander. We made sure the standards’ newly cut
tops were level with their bottoms. We drilled an extra hole onto them to secure them more to the table
structure. We deburred any rough areas for safety, and we coated the exposed steel and holes with RustOleum in Figure 56. We cut the plastic spacers and shelf platform to size on the compound miter saw to
ensure their sides were parallel for assembly alignment. Next, we drilled holes into them, and we
countersunk the shelf platform to ensure the fasteners would be flush with it to minimize bag ripping. The
plastic spacers and shelf platform exposed corners were sanded down on the belt sander. Also, an
Aluminum support base was added into the final design to ensure that the HDPE shelf platform does not
crack on produce impact. It had holes drilled, and we needed to use a Dremel in the hole transfer from the
shelf platform due to misalignment. The Aluminum support bases’ front corners were rounded on the
sheet metal belt sander. The adjustable shelf platform, Aluminum support base, plastic spacers, and
purchased shelf brackets were secured together with #6-32 x 3” screws with lock washers and nuts. The
shelf standards secured to the table structure with #10-24 x 2-1/2 screws with washers and nuts. Then the
shelf bracket hooks go into any of the shelf standards’ slots. The whole Adjustable shelf support platform
can be seen in Figure 59.
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Figure 56. Adjustable Shelf Standard After being Cut Close to Size with a Vertical Band Saw

Figure 57. Shelf Platform and Plastic Spacers
Cut to Size on a Compound Miter Saw

Figure 58. Finished Plastic Spacer Cut to Size with
Rounded Front Corners and Size 25 Holes
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Figure 59. Finished Adjustable Shelf Platform Assembly

6.2.7

Table Support

The table frame, shown in Figure 60, is the main assembly to which all other parts of this device were
attached. We used a circular saw to cut the square aluminum and galvanized steel perforated tubes to their
appropriate sizes. Then, we used a grinder to debur any rough edges. We connected the aluminum tubes
together with corner brackets, nuts, bolts, and lock washers. Finally, we inserted the galvanized steel
tubes over the aluminum legs and pinned them in place.

Figure 60. Table Structure
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We also added clear plastic and aluminum covers around the back of the table structure to stop people
from getting any body parts caught in the lifting mechanism. We trimmed the plastic with a vertical band
saw and drilled holes in it, then attached it to the table structure with bolts. For the aluminum cover in the
back, we hand-crafted four brackets out of scrap aluminum sheet metal to hold all four corners of the
aluminum sheet, and we attached it to the table structure with spare fasteners.
6.2.8

Shelf Support

The shelf support allows for storage of bags and boxes and provides extra stability to the structure. To
manufacture this, we cut a piece of 1/16” thick aluminum sheet metal with a sheet metal sheer. This
process is shown in Figure 61. We drilled holes in each of the four corners with a drill press and used a
sheet metal brake to fold up all edges of the metal sheet. We connected this assembly to the table frame
with nuts, bolts, and lock washers.

Figure 61. Shelf Support in Sheet Metal Brake
6.2.9

Wheels

The wheels enable the overall design to have movement capability and to remain stationary. We secured
the wheels to the table structure legs with locking pins. The wheels are available in Figure 62.
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Figure 62. Locking Caster Wheels
6.3

Assembly

After we finished manufacturing all the subassemblies, we needed to assemble them together. The table
frame with locking wheels is the base for the whole structure. Once the table frame assembled, we could
bolt every subassembly to it. The final assembly is shown in Figure 63.
Bolting all the subfunctions to the main structure was useful for prototyping because it allowed us to try
things out and to adjust where we needed. The perforated aluminum tube that made the table structure
was very useful for prototyping. For example, our initial design had the gas springs connected to the
bottom of the chute. We wanted to assemble the lifting mechanism for our initial prototype which did not
have the chute, so we bolted a spare piece of the perforated aluminum tube across the table and attached
the gas springs to it. We realized that this cross-piece of aluminum did a much better job at supporting the
gas springs than the chute would have, so this temporary fix ended up in our final design.

Figure 63. Final Assembly
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6.4

Outsourcing

We fabricated most of the components ourselves, but we did outsource some of our manufacturing to
outside people. For instance, the stainless steel chute’s and adjustable L bar cubby’s waterjet operations
required Cal Poly Mustang’60 shop technicians to perform the operations due to safety concerns.
Additionally, the welding professor, Kevin Williams, welded some of our elevator platform components
together.
We fabricated most of the components ourselves, but we did outsource some of our manufacturing to
outside people. For instance, the stainless-steel chute’s waterjet operation required Cal Poly Mustang’60
shop technicians to perform the operation due to safety concerns. One shop technician, Eliot, welded
together the adjustable L-bar assembly and the gate uprights. Additionally, the welding professor, Kevin
Williams, welded together the elevator platform structure.
6.5

Challenges Overcome and Recommendations for Future Production

We learned a multitude of design lessons during our manufacturing process. First off, we learned that the
raw stock components should be ordered as soon as possible due to changing prices and manufacturing
time. Since our components arrived later than anticipated, we were behind on our build schedule.
Consequently, we spent more manufacturing time outside of class to catch up, and we had less time
available for testing. Furthermore, we realized that asking ourselves insightful design questions during the
middle of the manufacturing process was beneficial for us regardless of the questions’ importance. Due to
these design questions, we had to make some design choices near the end of the process since we did not
have the time to work through them during the conceptual design phase. Some examples include a
locking mechanism for the lift and how to attach the chute to the structure. We had limited welding
experience, so we had to wait to outsource it to someone else. Furthermore, we had to redesign the
bagging aid assembly to rivets instead of Gas tungsten arc welding (TIG). Welding can still be a future
option to assemble the adjustable L bar cubby to the table top.
Another issue we encountered was that the assembly process was more difficult than anticipated because
we had to assemble eight different design components onto the main table structure. We fortunately had
spare fasteners and leftover raw stock materials, so we were able to find solutions to assemble some of the
subassemblies together. For example, we used one leftover aluminum U-channel as a brace for the chute.
In another scenario, there was a spare aluminum sheet metal, so it became raw material to enclose the
exposed chains and the Bagging Aid’s flange.
After the final assembly, we have recommendations for the next time it is built. In the future, we plan to
switch the chute thickness to 1/16th of an inch rather than 1/32nd. The chute would bend less if it was
thicker. The cost of the stainless steel metal chute was too expensive for us to purchase a 1/16 th of an inch
thick metal sheet. Instead of using chains and sprockets in the lifting mechanism, we postulate that rubber
pulleys and belts are better alternatives. The chains sometimes had issues of falling off the sprockets.

7. Design Verification
The Design Verification (DV) is an organized procedure of how to test our overall design. When we
constructed our verification prototype, we had a total of 16 design engineering specifications to satisfy for
our sponsors. A summary of these 16 design engineering specifications is available in Table 12.
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Table 12 features a summary of our design engineering specifications from Table 4 of section 3.3. Each
specification had at least one compliance method of either test or inspection. Twelve of the sixteen
engineering specifications passed. The largest factor for why four of the engineering specifications failed
was that the overall design of the device changed unexpectedly as time progressed. The design alterations
forced us to add more material which increased the overall weight. We discussed more reasons for why
some of the specifications failed in section 7.8 Final Summary of this chapter.
Table 12. Summary of Specification Results of our Device
Compliance
Method

Pass or
Fail

1. Cost

I

Pass

The cost was less than $2,000.

2. Strength

T

Pass

Device could lift and contain 50 lbf.

3. Operation Time

T

Fail

The average operation time was 11.29 s and not
under 10 s.

4. Size

I

Pass

Chute can contain full bag of produce; about 31"
long overall and 51.5" tall from tip of the tallest
back portion of the chute to the floor.

5. Weight

I

Fail

Not less than 50 lbf.

6. Physical strain
on user

I

Pass

Not much discomfort.

7. Intuitiveness

T

Pass

13 of the 15 (>80%) surveys received a score of
70% or higher on the survey. The average score
was 83.2%.

8. Input Force for
Operation

T

Fail

The average downward force to push the elevator
platform down was 69.0 lbf. The average upward
force was 30.6 lbf at the initial push and 25.0 lbf
after the initial push. The ideal target values for
both directions were 5 lbf.

9. Mobility

T

Fail

The vertical force was 36.2 lbf, and the
horizontal force was 8.4 lbf. The ideal target
values were 25 lbf and 5 lbf, respectively.
However, the wheels did properly lock.

10. Number of
Hazards

I

Pass

All safety hazards were addressed as best as
possible.

Specification #
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Reasoning

Table 12. Summary of Specification Results of our Device Continued
Compliance
Method
I

Pass or
Fail
Pass

12. Bag Support

I

Pass

We had two bagging aids (the flange and the
adjustable L bars).

13. Storage
Capability

I

Pass

We fabricated a metal cubby platform to hold
bags.

14. Chute Friction

T

Pass

The force applied 0.22 ± 0.04 lbf. The criteria
was less than 0.50 lbf accounting for
uncertainties.

15. Durability

T

Pass

We found there to be 0 cracks, dents, or splits
anywhere on the overall design after 15 trials

16. Material
Selection

I

Pass

We believe that we had no FDA violations in
our design

Specification #
11. Lift Platform
Range

Reasoning
With our set tolerance of ± 8 inches, the device
could slide within the target range of 36 inches
relative to the ground (30.5 inches).

We physically tested 7 of the 16 design specifications as criteria for ensuring that the overall design is
functional. The seven design specifications are: strength, operation time, intuitiveness, input force,
mobility, chute friction, and durability. For all seven tested design specifications, we performed the tests
at Mustang ’60 with the completed assembly of the verification prototype. A concise summary of the
design verification plan appears on the DVP&R form in Appendix P. More specific details of how the
tests were completed are available on the test procedures in Appendix Q.
The required testing equipment is available in Table 13. The equipment was acquired from our own team
members and Team W22. Some of the tests required volunteers to use the device.
Table 13. Required Testing Equipment
List of Testing Equipment
25 lbf Weight (2X)
Weight Scale
Force Gauge
Stopwatch
Tape Measurer
Digital Protractor
Plastic and Paper Bags
Bell Pepper
Spring Scale
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7.1 Strength
We tested the overall design’s strength by lifting two 25-lbf bags using the lifting mechanism and rolling
the produce from the bag down the chute. The two 25-lbf bags on the elevator platform are shown in
Figure 64. The success of the operation indicated that the overall design could perform one of its
functions by lifting and supporting 50 lbf.

Figure 64. Two 25-lbf Bags Lifted onto the Elevator Platform
7.2 Operation Time
We tested the operation time by recording 5 trials of operating the lifting mechanism from start to finish with
the goal of completing the process in under 10 seconds. This process included pushing the lifting platform
down, locking it into place, loading two 25 lbf bags onto it, unlocking it, and lifting it back up. The time
started when the lifting platform began to be pushed down and ended when it was back at its starting height.
The first picture in Figure 65 shows pushing the platform down, the second photo shows locking it in place,
and the third shows lifting with the weights.
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Figure 65. Demonstration of Operation Time Testing
The average time of our trials was found to be 11.29 seconds. Although it was very close to the threshold, the
operating time criteria were not met.
7.3 Intuitiveness
The main users of this overall design are ordinary volunteers at the foodbank. Thus, the design must be
intuitive, so an adult can understand the proper use of the design without any required background
knowledge. We had 15 volunteers use the overall design and asked them to participate in a survey about
their experience after. We decided the desired number of people who passed the survey to be 80% (12 out
of 15). The questions involved a scale of 1-10 on the design’s intuitiveness. Some example questions
were “How comfortable were you using the device” or “Could you use the device in the proper manner if
no one were here to help guide you?” Each question was weighted equally and a weighted score of at
least 70% proves that the overall design was intuitive. We found that 13 of the 15 volunteers (87%
passing) received a score of at least 70%, and the average score was 83.2%. Thus, this test passed.
7.4 Input Force
The overall design needed to be ergonomic for the user. The average weight of the bags was 50 lbf, but
the user should not exert 50 lbf to vertically move the elevator platform up or down with the produce on
it. We decided that the user should exert at the most 5 lbf to vertically move the elevator platform up or
down with the produce on it. To test for an input force of 5 lbf, we attached a force gauge the elevator
platform with the help of a rope. To conduct this test, we placed two 25 lbf bags of rocks on the platform,
tied a rope around them, hooked the force gauge to the rope. We then simulated pulling the platform up
and recorded to force from various trials. We also took the weight off and measured the force it takes for
the user to push the platform down. Images of these tests are shown in Figure 66. Overall, we found that it
took an average of 30.6 lbf to initiate pulling the platform up, 25 lbf to continue pulling it up and 69 lbf to
push the platform down. Thus, this test failed. However, our lifting mechanism is still a huge help in
reducing the weight of the produce. Details of these results can be seen in under the input force test in
Appendix Q.
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Figure 66. Set Up to Test Force Needed to Raise Platform (Left) and Lower Platform (Right)
7.5 Mobility
To make the overall design more ergonomic and time efficient, the design should be capable of both
translating in motion and remaining stationary. When the wheels are locked to a stationary position, the
overall design should not move. We used a tape measurer to prove that there is no movement. When the
wheels were unlocked, the overall design should move in the horizontal direction and have the capability
of being lifted in the vertical direction with bare minimum applied forces of 5 lbf and 25 lbf, respectively.
To test for both input forces, we used a force gauge with the help of a rope that attached to either the front
or back of the table structure. The demonstration of testing the horizontal translation is in Figure 67.

Figure 67. Pulling at the Front of the Table Structure with a Force Gauge
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The results were that the forces in horizontal and vertical direction did not meet the specified criteria, but
the locking mechanism of the wheels was successful.
7.6 Chute Friction
One potential issue with this overall design was that the static friction of the chute floor could deter the
produce from sliding down the chute in a short time. If this static friction became an issue, the operation
time of the overall device would increase because the user must often push the produce down the chute.
The user should ideally exert 0.5 lbf at the most, accounting for uncertainty, to push the produce down to
the bottom of the chute. To test for an input force of 0.5 lbf, we used a spring scale that measured the
force applied to produce a sliding motion parallel to the chute. The produce used during the test was bell
peppers because our sponsor had issues with bell peppers not rolling down for his initial prototype. Figure
68 demonstrates the pulling motion of the bell pepper.

Figure 68. Team Member Pulling the Bell Pepper by its Stem
For this design specification test, we performed an uncertainty propagation analysis to determine the
uncertainty value of the applied force. We derived an equation with the minimum applied force as a
function of the weight of one individual produce by drawing a free body diagram. The system of the free
body diagram consisted of an individual produce rolling down a slanted chute. A spring scale measured
the nominal value of the weight, and the acceleration was 0 because we wanted to solve for the minimum
force before there was movement. A digital protractor measured the angle of the chute which is available
in Figure 69.
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Figure 69. Digital Protractor Measuring the Angle of the Chute
Because the minimum applied force is a function of the weight which also has a reading uncertainty, we
determined a propagated uncertainty of the applied force. There also was a reading uncertainty of the
force applied due to the spring scale reading and a statistical uncertainty due to ten trials being conducted
by us. Thus, a root-sum-square determined the total uncertainty of the applied force. A summary of the
main equations used for this analysis is available in Table 14.

Table 14. Summary of Equations Used during Uncertainty Analysis
Variable to Solve

Equations

Theoretical Force
Applied

F = μ F cosθ − F sinθ

Propagated Uncertainty
of Force Applied

𝛿F =

Statistical Uncertainty
of Force Applied

𝛿F

Total Uncertainty of
Force Applied

𝛿F

=

𝛿F

𝑑F
𝛿F
𝑑F
= ±

+ 𝛿F

t∗s
√n
+ (𝛿F

)

The detailed results of the uncertainty propagation analysis are available in Appendix R. The chute
friction test was an overall success with a force input of 0.22 ± 0.04 lbf after 10 trials.
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7.7 Durability
There could be issues of the overall design failing or breaking after repeated usage. To verify that the
overall design does not fail or break, we physically counted the number of cracks, dents, and splits on the
entire device after 15 trials. We chose 15 trials because we agreed that this was a relatively large sample
size to test whether the overall design was durable. We found our device had 0 cracks, dents, or splits
anywhere on the overall design after 15 trials, so this test passed.
7.8 Final Summary
The summary of the results of the seven physical tests are in Appendix P: Design Verification Plan and
Report (DVPR). Some of the tests failed because we set unrealistic standards for our design to be
considered successful. For instance, both the input force and the mobility tests failed by a considerable
margin relative to the designated criteria numbers. The manufacturing process had some influence on the
effects of the results. After completing the entire manufacturing process, some new design changes added
more weight to the overall device. We also added more weight to the device because we needed to
fabricate more parts for final assembly purposes. In addition, some new design changes such as the
change from multiple regular springs to two gas springs created some uncertainty about performance. We
were not certain about the magnitude of the effectiveness of the new design changes, but we were
confident that the new design changes would function properly. However, we should have been more
realistic about the performance of the design. If we performed future tests, we would recommend that our
initial designated criteria numbers should be altered to more reasonable numbers if there was a design
change. We would discuss together and concur on reasonable criteria numbers. By doing this, the test
results would not be inaccurate by a considerable margin.
Some challenges during the testing period included procuring the proper testing equipment and deciding
the proper method of utilizing the testing equipment. Because our budget depleted after purchasing parts
online, we had to borrow some testing equipment from Team W22 Door Uplock Team. The force gauge
and the two 25-lbf bags of weight were originally under their ownership. When we obtained the force
gauge, we were not confident on how to properly use it, so we spent some time to deliberate about the
specific details of using it. We decided that the hook of the force gauge required the utilization of a free
piece of rope which happened to be coincidentally in our storage room.

8. Project Management
Our design process can be broken down into five main steps, which are listed below with a description.
1. Define Problem: This is where we defined the design problem through interviews and
observations and researched existing solutions to the problem. Also, we used Quality Function
Deployment (QFD) through a House of Quality to list customer needs/wants and derive the
engineering specifications we will use to assess the design, as well as benchmark the current
solutions in relation to the needs/wants and our specifications. The final part of this step is to plan
out the entire project. We presented the initial stages in a Scope of Work (SOW) document.
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2. Brainstorm Solutions: This step was the most creative part of the entire design process. We used
methods like functional decomposition to break down the problem, ideation to brainstorm
potential solutions, and rapid prototyping of concepts to test them in real life.
3. Evaluate Solutions: Here we narrowed down our ideas to one design concept. We primarily used
decision matrices to narrow down the choices, informing our findings from the prototyping and
testing. When we decided on a design concept, our group will make a prototype and a CAD
model of the concept and presented our findings up to this point in a Preliminary Design Review
(PDR).
4. Specify Design: The purpose of this step is to bring engineering analysis to the design concept
and improve on it, so it hits the target values of all the engineering specifications. This stage
included Failure Modes and Effects Analysis (FMEA), design for manufacturability, and design
analysis. Then our team built a structural prototype, made a detailed CAD model of the design,
and devised manufacturing and design verification plans. We also did preliminary testing of the
structural prototype and continued to adjust our design. All our progress up to this stage was
presented in the Critical Design Review (CDR).
5. Build Design: In this step, our group ordered the materials for building and manufactured the
verification (final) prototype, as well as outlined the details of our test procedures, all of which
our team presented in a Manufacturing and Test Review. We also performed a risk assessment
and wrote an operators’ manual in this step, along with a hardware and safety demonstration.
6. Test Design: This was the final step of the design process, where our team performed all the
testing. We outlined in the test procedures and made any final changes to the design. At the end,
our group presented the entire project in a Final Design Review (FDR) and presented at the
Senior Project Expo.

Table 15 is a timeline of these steps and the major deliverables that go along with them.
Table 15. Project Timeline
Design Stage & Milestone Name
1. Define Problem

Date(s)
January 2021

Scope of Work (SOW)

February 2

2. Create/Evaluate Solutions

February – March

Preliminary Design Review (PDR)
3. Specify Design

March 4
April

Interim Design Review

April 8
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Table 15. Project Timeline Continued
Design Stage & Milestone Name
Critical Design Review (CDR)
4. Build Design

Date(s)
May 6
May – October

Manufacturing and Test Review
5. Test Design

June 3
October - November

Senior Project Expo

November 18

Final Design Review (FDR)

December 2

To efficiently keep track of all the tasks in this long-term project, our team used a Gantt chart through the
website TeamGantt.com. The Gantt chart allowed us to list, organize, time, assign, and link together all
the tasks in one convenient and easy-to-edit place. The Gantt chart was a living tool and was updated and
changed regularly by the team members when needed. The final version can be found in Appendix S.
While the Gantt chart was the overarching project management tool, we used a Weekly Status Review
(WSR) to manage the weekly tasks and inform our advisor, Coach Rossman, of our progress. Tasks for
the week were identified based on the Gantt chart, written so they are SMART (Specific, Measurable,
Attainable, Relevant, Time-bound) and assigned to team members.

9. Conclusion and Reflection
At the end of our project, we delivered a working prototype of a Produce Sorting Aid to our two sponsors,
Leif Magnuson and Marcos Trujillo. This prototype will go on to help Leif distribute produce at the Zion
Tabernacle Church in Oakland. We achieved something extraordinary in completing this project and
finishing the prototype, considering the scope of the entire project. In total we had 11 different subfunctions to design, build, and test, which were divided between seven major sub-assemblies. Every
subassembly needed ideation matrices created, design analysis performed, component ordered,
manufacturing plans written and executed, drawings completed, and testing done. The four of us have
learned so much about the process of designing, building, and testing, and we are proud to hand off our
final prototype, report, and CAD files to our sponsor for them to hopefully continue our work.
While our overall design was a success, the process was not straightforward. We made design alterations
on numerous occasions during the manufacturing and assembling processes, so some of the components
we purchased did not end up in the final design. Our total expenses for the project were about $3,175,
which was slightly over our budget of $3000. We were resourceful and used some scrap pieces during the
final assembling process, but there were many components leftover in our storage space. Since we are
beginners at design and we went through lots of prototyping, this was not surprising. If we were able to
rebuild this device, we estimate the total cost would be around $2000.
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In another attempt at a project like this one, we would take care of design details earlier. We spent a lot of
time near the end coming up with creative solutions to problems we neglected in our design, like how to
attach the chut and gate door to the main structure and how to lock the elevator platform in place. Since
we did not have specific parts ordered, we had to make do with scrap material and last-minute orders.
When we started this project, none of us had extensive manufacturing experience, so a lot of our
manufacturing time was spent figuring out the best way to do the manufacturing. If we did this project
again, we could plan our manufacturing processes to be more efficient and realistic. We would have a
better understanding of selecting the proper material to make the manufacturing or assembling process
easier for us. At times we had to change the design on multiple occasions because the manufacturing or
assembling processes were too complicated. For example, the chute was originally HDPE. However,
many brackets, supports and fasteners would have been needed to connect the pieces, making the
manufacturing process of the chute complicated. Thus, we decided to make the chute stainless steel and
bend it into its shape.
Our two sponsors aim to produce multiple duplicates of the device and to share the duplicates with other
existing foodbanks. We have some recommendations for them in this endeavor.
1) Satisfy all safety concerns or requirements at the Alameda County Community Foodbank. This is
the current obstacle preventing the device from being used immediately at a distribution site.
2) Use the device at the Alameda County Community Foodbank for several months. There could be
some design flaws we did not catch that become obvious after several months of use.
3) Contact a professional manufacturer to learn more about manufacturing replicas of this
mechanism. A professional manufacturer might understand how to manufacture this device with
less fasteners and components in general involved with this device. There may be ways to
simplify overly complicated parts of the device, like the chute support, the gate door, the elevator
platform, and the adjustable shelf. Also, we suggest welding together plain aluminum tubes for
the table structure.
4) Obtain a patent on the device before deciding to produce multiple replicas of this device.
In all, we are excited to see what happens next with the Produce Sorting Aid, and we are so happy to
know that our design will directly impact people’s lives.
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Appendix A: Existing Products and Patents Photos

Figure A.1. Photo of Existing Products in Section 2.4 from Left to Right Starting from the First Row of
Table 2 [12], [13], [14], And [1]

A-1

Appendix A: Existing Products and Patents Photos Continued

Figure A.2. Photo of Existing Products in Section 2.5 from Left to Right Starting from the First Row of
Table 1 [15] – [19]

A-2

Appendix B: QFD House of Quality

B-1

Appendix C: Ideation Concepts

Figure C.1. Assist Movement of Produce by Elevator with Crank

Figure C.2. Assist Movement of Produce by
Stationary Forklift

Figure C.4. Contain
Produce by a Titled Half
Cone

Figure C.3. Contain Produce by a Sloped Profile
to a Flat Profile

Figure C.5. Hold Bags Upright
by a Cage around the Bags

C-1

Figure C.6. Hold Bags Upright by a
Circular Frame with Adjustable Legs

Appendix C: Ideation Concepts Continued

Figure C.7. Provide Mobility
by using Wheels that Collapse
by use of a Hand Crank

Figure C.8. Provide Mobility
by using a Wheelbarrow
Configuration

Figure C.9. Provide Adjustability
by Leg Clip

Figure C.10. Provide
Adjustability by Front Shelf
with Handles and Levers on
Side for Adjusting

Figure C.11. Maintain
Stability by Wheel Locks with
Rubber on the Bottom

Figure C.12. Maintain Stability by
Foldable Blocks Attached to the
Wheels and Arms on the Side

C-2

Appendix C: Ideation Concepts Continued

Figure C.13. Provide Storage Space by Front and
Back Shelf Cubby, Hooks on the Side, and a Roof
on top of the Chute

Figure C.14. Provide Storage Space by Drawers
on the Side

Table C. More Ideation Concepts
Function

Concept Idea
Electric Powered Conveyor Belt
Crank-powered Elevator
Accordion Lifting Platform
Scissor Lift
Electronic Telescoping Lift
Lever Lift with Spring
Roller Ramp
Slide to Scissor Lift
Flexible Slide
The Claw
Arms Grabbing Bags
Hooks to Drag Bags
Spring Board
Water Wheel
Pallet Scissor Jack

Assist Movement of Produce

C-3

Appendix C: Ideation Concepts Continued
Table C. More Ideation Concepts Continued
Function

Contain Produce

Hold Bags Upright

Provide Mobility

Concept Idea
Vertical Funnel
Tilted Half Cone with Flaps
Sloped L
Round X
Vertical Funnel with Cylinder Entrance
Wide Entrance with Curved Sides X
Wide and Flat
Horizontal Funnel X
Adjustable L bars
Adjustable L bars with Crossbar
Metal Vertical Cubby
Expandable Metal Casing on a Track
Bag Stand
Target Bag Hook
Adjustable Hooks
Backboard with Detachable/Hanging Hook
Frame to Fold Bag
Back Section Extends/Retracts to Hold Back of
Bag
Rotational Divider
Trashcan
Basketball Rim with Vertical Adjustment
Mechanical Arm
Umbrella
Sideways Duct with Rotated Platform
Tank Tracks
Roller Platform
Wheels on the Bottom of Chute and Folding Legs
Wheels Fold Down
Big, Thick Wheel
Jet Propeller
Biking Vendor Cart
Grocery Cart Self-Locking Wheels
Wind-up Wheels (like Hot Wheels)
Battery Power Wheels with Steering Wheels
Tractor Wheels
Roller Skate Wheels

C-4

Appendix C: Ideation Concepts Continued
Table C. More Ideation Concepts Continued
Function

Concept Idea
Tripod with Leg Clips
Regular Legs with Clips
Elementary School Table Click-Buttons
Standard Base that can move vertically
Pedal to push Platform down
Music Stand Legs
Stool Legs Multiple Platforms than one
Extendable Stepstool Underneath
Construction Lift Machine
Foldable Legs
Adjustable Springs
Scissor Jack Lift
Triangle Bracing for Table
Cross-bracing for Table
Bracket Feet
Corner Brackets
Extra Table Legs
External Metal Column for Balance
Counterweights
Bendable Legs
Shelf Connecting all 4 Legs
Vertical Cubbies on Side
Horizontal Cubbies on Side
Cubby underneath bag platform
Large Side Shelf
Trap Door in Front Shelf
Extra Platform on Both Sides of Chute
Side Meshed Nets
Foldable Wings

Provide Adjustability

Maintain Stability

Provide Storage Space

C-5

Appendix D: Concept Models

Figure D.1. Alternative Side View for Concept
Prototype of Providing Storage Space and
Maintaining Stability

Figure D.2. Second Alternative Side View for
Concept Prototype of Providing Storage Space
and Maintaining Stability

Figure D.3. Back View for Concept Prototype of
Containing Produce and Controlling Produce
Flow

Figure D.4. Front View for Concept Prototype of
Containing Produce and Controlling Produce
Flow

D-1

Appendix D: Concept Models Continued

Figure D.3. Alternative Side View for Concept
Prototype of Supporting Produce Movement from
Pallet to Chute

D-2

Figure D.4. Second Alternative Side View for
Concept Prototype of Supporting Produce
Movement from Pallet to Chute

Appendix E: Pugh Matrices

E-1

Appendix E: Pugh Matrices Continued

E-2

Appendix E: Pugh Matrices Continued

E-3

Appendix E: Pugh Matrices Continued

E-4

Appendix E: Pugh Matrices Continued

E-5

Appendix E: Pugh Matrices Continued

E-6

Appendix E: Pugh Matrices Continued

E-7

Appendix F: Weighted Decision Matrix

F-1

Appendix G: Preliminary Analysis

G-1

Appendix G: Preliminary Analysis Continued

G-2

Appendix G: Preliminary Analysis Continued

G-3

Appendix G: Preliminary Analysis Continued
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Appendix G: Preliminary Analysis Continued

G-5

Appendix G: Preliminary Analysis Continued
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Appendix G: Preliminary Analysis Continued
GAS SPRING SIZING CONT.
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Appendix G: Preliminary Analysis Continued
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Appendix G: Preliminary Analysis Continued

G-21

Appendix H: Indented Bill of Materials
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ELEVATOR PLATFORM
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CHUTE ASSEMBLY
CHUTE
GATE ASSEMBLY
GATE DOOR
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CROSSBAR
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GAS SPRING

2

5

111500

#35 ROLLER CHAIN (5' LONG)

2

6

7321K17

ROLLER CHAIN ATTACHMENT LINK

2

7

60135K12

END STOP FOR TRACK ROLLERS

2

8

111800

ZINC-PLATED SAFETY PIN

2

9

91263A578

5/16"-18 X 2" ZINC-PLATED STEEL HEX
DRIVE FLAT HEAD SCREW

2

10

172200

5/16"-18 STEEL FLANGE NUT

4

11

172100

5/16" GRADE 18-8 STAINLESS STEEL
MEDIUM SPLIT LOCK WASHERS

4

12

171800

5/16"-18 STAINLESS STEEL 304 ACORN
CAP NUTS

2

13

171400

5/16"-18 X 2-1/2" HEX BOLTS

2

14

806326

1/16" STEEL WIRE ROPE (6" LONG)

2

15

42574

1/16" ALUMINUM FERRULES

4

16

314753

EVERBIT #10-24 X 2-1/2" COMBO ROUND
HEAD ZINC PLATED MACHINE SCREW

4

17

800121

EVERBIT #10-24 STAINLESS STEEL NYLON
LOCK NUT

4

18

208036

EVERBIT #10 ZINC FLAT WASHER

4

7

COMMENTS:

LIFTING MECHANISM
ASSEMBLY (EXPLODED)

2
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EMAIL
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TITLE:

2

SIZE DWG. NO.

B

110000B

SCALE: 1:5 WEIGHT:

1

REV

1

SHEET 2 OF 2

B

A

4

3

2

1

B

B

24.5

2.625

A

A

29.50

COMMENTS:

DRAWN BY

EMAIL
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DATE

FINISH
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3

2

TITLE:

TOP SHAFT
ASSEMBLY
SIZE DWG. NO.
B 111000A
SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

2

1
ITEM NO. PART NO.
1

3

111010

2

QTY.

TOP SHAFT

1

ROLLER CHAIN IDLER SPROCKET, WD6663K820 HUB
(#35 CHAIN, 7/8" SHAFT DIAMETER)

2
4

DESCRIPTION

2

3

1865K4

BASE-MOUNTED SHAFT SUPPORT (1/2"
SHAFT DIAMETER)

2

4

111200

EXTERNAL RETAINING RING, 7/8"

2

B

B
1

4

2

3

A

A
COMMENTS:

DRAWN BY

EMAIL
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GROUP

MATERIAL

DATE

FINISH
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3

2

TITLE:

TOP SHAFT
ASSEMBLY
(EXPLODED)

SIZE DWG. NO.

B

111000B

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 2 OF 2

4

3

2

1
NOTES:
UNLESS OTHERWISE SPECIFIED
1.
ALL DIMENSIONS IN INCHES.
2.
TOLERANCES
1.
X.X = .1
2.
X.XX = .01
3.
X.XXX = .005
3.
START WITH 1" BAR STOCK.
4.
CHAMFER ALL EDGES BY MAX .01.
63
5.
FOR ENTIRE PART.

B

B

29.5
2 X 2.65
2 X .75

.63

.821±.003

+.020
.870 - .050

1.00

.025
+.003
2 X .046 - .000

+.000
2 X 1.524 - .005

A

A
COMMENTS:

TITLE:

TOP SHAFT
DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU
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MATERIAL

DATE

FINISH
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3

2

SIZE DWG. NO.

B

111010

SCALE: 1:1 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1

B

B

2.70

26.6

24.5

A

A
COMMENTS:

DRAWN BY

EMAIL

JESSIE BOUCHER
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GROUP

MATERIAL

DATE

FINISH
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3

2

TITLE:

SPRING SHAFT
ASSEMBLY

SIZE DWG. NO.

B

111100A

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

2

3
2
4

1

ITEM NO.

PART NO.

DESCRIPTION

QTY.

1

111110

SPRING SHAFT

1

2

6663K820

ROLLER CHAIN IDLER SPROCKET, WD-HUB
(#35 CHAIN, 7/8" SHAFT DIAMETER)

2

3

60135K710

TRACK ROLLER

2

4

111200

EXTERNAL RETAINING RING, 7/8"

2

B

B
1

4
2

3

A

A
COMMENTS:
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MATERIAL

DATE
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2

TITLE:

SPRING SHAFT
ASSEMBLY
(EXPLODED)

SIZE DWG. NO.

B

111100B

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 2 OF 2

4

3

2

1
NOTES:

B

UNLESS OTHERWISE SPECIFIED
1.
ALL DIMENSIONS IN INCHES.
2.
TOLERANCES
1.
X.X = .1
2.
X.XX = .01
3.
X.XXX = .005
3.
START WITH 1" BAR STOCK.
4.
USE DRILL SIZE 'F' FOR HOLES.
5.
DEPTH OF SLOT WITH TAPPED HOLE IS .05"
63
6.
FOR ENTIRE PART.

2X .257 THRU
2X 5/16"-18 UNC B THRU
2X .035 X 45°

B

2X 4.50

+.003
.875 - .000

1.00

2X 1.25
2X

1.00

2X 4.00

2X .257
.95
2X 5/16"-18 UNC B .75
BOTH ENDS

25.0

2X

.050

+.000
2 X .124 - .005

+.003
2 X .046 - .000

.825±.003

A

A

.025
COMMENTS:

TITLE:

SPRING SHAFT
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3

2

SIZE DWG. NO.

B

111110

SCALE: 1:1 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1
NOTES:

B

UNLESS OTHERWISE SPECIFIED
1.
ALL DIMENSIONS IN INCHES.
2.
TOLERANCES:
1.
X.X = .1
2.
X.XX = .01
3.
X.XXX = .005
3.
DRILL INTO 24" LONG 1.630 WIDE GUIDE RAIL FOR
TRACK ROLLER (MCMASTER-CARR PART NO.
60135K13).
4.
DEBURR ALL SHARP EDHES.
5.
AFTER DRILLING, COAT ALL EXPOSED STEEL WITH
A LAYER OF PAINT.

SCALE 1:3

B

24.0

.34 THRU
.64 X 82°

THRU

.75

.33

9.75

A

A
COMMENTS:

DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

4

3

GUIDE RAIL FOR
SPRING SHAFT

SENIOR PROJ. TEAM W24 POWDER COATED STEEL SIZE DWG. NO.
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TITLE:

2

B

111200

SCALE: 1:2 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1

26.48

15.25

B

B

32.00

A

A
COMMENTS:

DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24
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2

TITLE:

ELEVATOR
PLATFORM

SIZE DWG. NO.

B

120000A

SCALE: 1:8 WEIGHT:

1

REV

1

SHEET 1 OF 6

4

3

2

NOTES:
UNLESS OTHERWISE SPECIFIED
1.
DIMENSIONS ARE IN INCHES.
2.
TOLERANCES:
1.
X.XX .01
3.
DEBURR ANY SHARP EDGES.

B

1
ITEM NO.

QTY.

DESCRIPTION

LENGTH

1

2

3/4" x 1/16" SQUARE ALUMINUM TUBE

16"

2

2

3/4" x 1/16" SQUARE ALUMINUM TUBE

23"

3

1

3/4" x 1/16" SQUARE ALUMINUM TUBE

12.75"

4

2

3/4" x 1/16" SQUARE ALUMINUM TUBE,
MITERED 45 ON EACH END

12.75"

1

B

2

4

3

2 X 3.25

.75
4X

.201

2
8X

1

.33 THRU
2 X 5.25

2 X .38

A

A

2 X 3.22
2 X 3.81

COMMENTS:

2 X 8.01

DRAWN BY

EMAIL
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MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 6, 2021

6061 ALUMINUM

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

ELEVATOR
PLATFORM
CUT AND DRILL LIST

TITLE:

SIZE DWG. NO.

B

120000B

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 2 OF 6

4

3

ITEM NO.

PART NO.

DESCRIPTION

QTY.

1

121300

TRACK ROLLER CONNECTOR

2

2

122800

SIDE BRACKET

2

3

171900

5/16"-18 X 2" STAINLESS STEEL
BUTTON HEAD BOLT

2

2

2.12

1

.04

IN 4 PLACES

.75

.04

IN 20 PLACES

B

B
1

2

1

NOTES:
UNLESS OTHERWISE SPECIFIED
1.
DIMENSIONS ARE IN INCHES
2.
TIG WELD WITH ER4043 FILLER ROD

A

A

3
COMMENTS:

2

DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH
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2

ELEVATOR
PLATFORM
WELDED ASSEMBLY

TITLE:

SIZE DWG. NO.

B

120000C

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 3 OF 6

4

3

2

1

NOTES:

B

UNLESS OTHERWISE SPECIFIED
1.
DIMENSIONS ARE IN INCHES.
2.
TOLERANCES:
1.
X.XX .01
3.
DRILL COUNTERSUNK HOLES INTO HDPE
PLATFORMS UNTIL 5/16"-18 FLAT HEAD
BOLTS SIT NEARLY FLUSH TO THE PLATFORM.
4.
FOR HOLES CLOSE TO THE EDGES, LESSEN
THE DEPTH OF THE COUNTERSINK TO
MAINTAIN FULL HDPE THICKNESS ON THE
VERY EDGE.
5.
SAND ALL SHARP EDGES.

6X

.33
.64 X 82°

2 X 4.00
2 X .38

4X

B

.33
.64 X 82°

13.88

1.38

15.25
8.88

10.00
7.25

.38

2 X 6.00

24.50

24.50

FRONT VIEW

TOP VIEW

DRILL PART NO. 121100
(PLASTIC BACK PLATFORM)

A

DRILL PART NO. 121000
(PLASTIC PLATFORM)

COMMENTS:

DRAWN BY

EMAIL
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MATERIAL

DATE
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2

A

TITLE:

ELEVATOR PLATFORM
(PLASTIC PLATFORMS)

SIZE DWG. NO.

B

120000D

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 4 OF 6

4

3

2

1

ITEM NO.

PART NO.

DESCRIPTION

QTY.

1

1210000

PLASTIC PLATFORM

1

2

91263A578

5/16"-18 X 2" ZINC-PLATED STEEL HEX
DRIVE FLAT HEAD SCREW

6

3

801740

5/16"-18 STAINLESS STEEL HEX NUTS

6

4

15655A410

CORNER BRACKET

2

5

172860

#10-24 X 1 IN. PHILLIPS FLAT HEAD
STAINLESS STEEL MACHINE SCREW

4

6

208036

EVERBIT #10 ZINC FLAT WASHER

4

7

800121

EVERBIT #10-24 STAINLESS STEEL NYLON
LOCK NUT

4

8

98325A258

T-HANDLE QUICK RELEASE PIN

2

9

171600

5/16"-18 STAINLESS STEEL HEX NUTS

4

2

B
1
5

8

B

4
2
9
6
7
3

3

A

A

8
7
6

9

5

COMMENTS:

TITLE:

4
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EMAIL
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JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH
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3

2

ELEVATOR
PLATFORM
(EXPLODED, 1)

SIZE DWG. NO.

B

120000E

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 5 OF 6

4
3X

3

2
ITEM NO.

PART NO.

DESCRIPTION

QTY.

1

121000

PLACTIC BACK PLATFORM

1

2

60135K710

TRACK ROLLER

4

3

121500

2

4

91263A578

GUIDE RAIL FOR ELEVATOR
PLATFORM
5/16"-18 X 2" ZINC-PLATED STEEL HEX
DRIVE FLAT HEAD SCREW

5

801740

5/16"-18 STAINLESS STEEL HEX NUTS

7

6

91263A579

5/16"-18 X 2.5" ZINC-PLATED STEEL
HEX DRIVE FLAT HEAD SCREW

2

7

171400

5/16"-18 X 2-1/2" HEX BOLTS

2

8

171500

5/16" ZINC PLATED FLAT WASHER

10

9

172100

5/16" GRADE 18-8 STAINLESS STEEL
MEDIUM SPLIT LOCK WASHERS

4

10

172200

5/16"-18 STEEL FLANGE NUT

4

11

171800

5/16"-18 STAINLESS STEEL 304
ACORN CAP NUTS

4

12

15655A410

CORNER BRACKET

1

13

172860

#10-24 X 1 IN. PHILLIPS FLAT HEAD
STAINLESS STEEL MACHINE SCREW

3

14

208036

EVERBIT #10 ZINC FLAT WASHER

3

15

800121

3

10

16

171900

EVERBIT #10-24 STAINLESS STEEL
NYLON LOCK NUT
5/16"-18 X 2" STAINLESS STEEL
BUTTON HEAD BOLT

11

17

98325A258

T-HANDLE QUICK RELEASE PIN

1

18

171600

5/16"-18 STAINLESS STEEL HEX NUTS

3

19

60135K12

END STOP FOR TRACK ROLLER.

2

8
7

11
9
10

B

10

9
6

2

4

7

9

11

10
8

2X

11

1
4
5

8

3X

3

2
2
5
9

19
5
2X

A

1

8

7

2

5
2

3

19
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EMAIL

COMMENTS:
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GROUP

MATERIAL

DATE

FINISH
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TITLE:

ELEVATOR
PLATFORM
(EXPLODED, 2)

SIZE DWG. NO.

B

120000F

SCALE: 1:5 WEIGHT:

1

B

REV

1

SHEET 6 OF 6

A

4

3

2

1
NOTES:
UNLESS OTHERWISE SPECIFIED
1.
ALL DIMENSIONS IN INCHES.
2.
TOLERANCES:
1.
X.X = .1
2.
X.XX = .01
3.
X.XXX = .005
3.
CUT AND DRILL INTO 36" LONG 1.630 WIDE GUIDE
RAIL FOR TRACK ROLLER (MCMASTER-CARR PART
NO. 60135K13).
4.
DEBURR ALL SHARP EDGES.
5.
AFTER CUTTING AND DRILLING, COAT ALL
EXPOSED STEEL WITH A LAYER OF PAINT.

B

B

32.0

.344 THRU
.64 X 82°

.328 THRU

A

A
COMMENTS:

DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

4

3

GUIDE RAIL FOR
ELEVATOR
PLATFORM

SENIOR PROJ. TEAM W24 POWDER COATED STEEL SIZE DWG. NO.
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TITLE:

2

B

121400

SCALE: 1:3 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1

NOTES:
UNLESS OTHERWISE SPECIFIED:
1.
DIMENSIONS ARE IN INCHES.
2.
TOLERANCES:
1.
X.XX .01
2.
X.XXX .005
3.
CUT AND DRILL FROM .75" SQUARE
ALUMINUM BAR STOCK.
4.
DEBURR ALL SHARP EDGES.

.26
1.50
5/16-18 UNC
1.45

B

B
2 X 1.375
2 X .60

2X

2X
.26 THRU ALL
5/16-18 UNC THRU ALL

.332 THRU ALL

10.25

A

A
.75
COMMENTS:
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EMAIL
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GROUP

MATERIAL

DATE

FINISH
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2

TITLE:

TRACK ROLLER
CONNECTORS

SIZE DWG. NO.

B

121900

SCALE: 1:2 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1

NOTES:
UNLESS OTHERWISE SPECIFIED:
1. DIMENSIONS ARE IN INCHES.
2. TOLERANCES:
1. X.XX .01
3. CUT FROM 1/16" ALUMINUM SHEET.
4. DEBURR ALL SHARP EDGES.

B

B
SCALE 1:2

.063
12.00

2 X 45°

UP 90 R .30

2

UP 90 R .30

1.50

A

A
COMMENTS:

TITLE:

SIDE BRACKET
DRAWN BY

EMAIL
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MATERIAL

DATE
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3

2

SIZE DWG. NO.

B

122800

SCALE: 1:1 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1

29.94

.2

77
.2
°

77

B

B

11.00

NOTES, UNLESS SPECIFIED OTHERWISE:
1.
2.

3.

.61 5.00

2.00

A

8.00

.72

11.75

41.50
COMMENTS:

DRAWN BY

EMAIL

Teng Lee
tlee131@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

STAINLESS STEEL

FINISH
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4

TITLE:

1.05
3.125

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.XX= .01
X.XXX= .001
ANGLES = .1
THICKNESS OF METAL CHUTE IS .03 INCHES

3

A

8.62

2

CHUTE
ASSEMBLY
130000

SIZE DWG. NO.

B

SCALE: 1:10 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

B

6

2

8
7

5

1

4

1

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

#715

Chute

1

2

1088A43

Inside-Corner Reinforcing Bracket

2

3

4592T113

Horizontal Chute Brace

1

4

92949A539

18-8 Stainless Steel Button Head Hex Drive
Screw (1/4-20, .625" L)

4

5

90640A129

Low-Strength Steel Nylon-Insert Locknut
(1/4-20, 5/16" L)

4

6

8809T62

1-1/2" Long Corner Bracket

2

7

92949A591

18-8 Stainless Steel Button Head Hex Drive
Screw (5/16-18, 2" L)

2

8

90630A115

High-Strength Steel Nylon-Insert Locknut
(5/16-18, 11/32" L)

2

2

B

7

8

NOTES, UNLESS SPECIFICED OTHERWISE :
5

5

A

1.
2.
3.

2

3

A

6

4
4

ITEM 1 IS MADE FROM STAINLESS STEEL
ITEM 2 IS MADE FROM ZINC-PLATED STEEL
ITEM 3 IS MADE FROM 6063 ALUMINUM

COMMENTS:

4

TITLE:

5
DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

FINISH
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4

3

2

CHUTE
(EXPLODED
VIEW)

SIZE DWG. NO.

B

130000

SCALE: 1:5 WEIGHT:

1

REV

SHEET 2 OF 2

4

3

2

1

B

42.00

B

77

.3

A

A

°

A

9.50
46.00

NOTES, UNLESS SPECIFIED OTHERWISE:
1.
2.
3.

COMMENTS:

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.XX= .01
ANGLES = .1
THICKNESS IS .03 INCHES

DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

10/14/21

MATERIAL

STAINLESS STEEL

FINISH

DO NOT SCALE DRAWING

4

3

2

TITLE:

CHUTE
(WATERJET CUT)
1
B 131000

SIZE DWG. NO.

SCALE: 1:10 WEIGHT:

1

REV

SHEET 1 OF 1

4

B

3

2

1

B

7.92
.23

29.5

DOWN 90 R. 06

77

.2

°

DOWN 90 R. 06

°

41.1

77

.2

A

A

10.9
NOTES, UNLESS SPECIFIED OTHERWISE:
1.
2.

3.

COMMENTS:

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.X= .1
X.XX= .01
ANGLES = .1
THICKNESS IS .03 INCHES

DRAWN BY

EMAIL

Teng Lee
tlee131@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

STAINLESS STEEL

FINISH

DO NOT SCALE DRAWING

4

3

2

TITLE:

CHUTE
(BENDING)
B 131000

SIZE DWG. NO.

SCALE: 1:10 WEIGHT:

1

REV

1

SHEET 1 OF 1

4

3

2

1

B

B

2X

0.72

.27

NOTES, UNLESS SPECIFIED OTHERWISE:

1.05
6.94

1.
2.

10.04

3.

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.XX= .01
ANGLES = .1
THICKNESS OF STAINLESS STEEL IS .03 INCHES

DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

10/14/21

COMMENTS:

MATERIAL

STAINLESS STEEL

FINISH

DO NOT SCALE DRAWING

4

3

A

8.19

0.61

0.93

5.00

A

4.66

8X

.33

2

TITLE:

CHUTE (DRILL
LIST)
1
B 131000

SIZE DWG. NO.

SCALE: 1:10 WEIGHT:

1

REV

SHEET 1 OF 1

4

3

2

1

B

B

.375

1.50

5.00

3.56

4.90

4.50

5.00

11.00

.30

11.00

A

A

.50

.25
.56

COMMENTS:

TITLE:

NOTES, UNLESS SPECIFIED OTHERWISE:
1.
2.

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.XX= .01
X.XXX = .001

DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

FINISH

DO NOT SCALE DRAWING

4

3

2

GATE
ASSEMBLY
140000

SIZE DWG. NO.

B

SCALE: 1:5 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

5
3

B

6
1
2

10

2

1

ITEM NO.
1

PART NUMBER

2

4592T113

3

8975K729

4
5
6

16545A1
89015K51
15295A1

7

91771A852

8

91263A524

Unthreaded-Hole Round Pull Handle
Gate Door Brace
J-Shape Hook
Passivated 18-8 Stainless Steel Phillips Flat Head Screw
(5-40, .625" L)
Zinc-Plated Alloy Steel Hex Drive Flat Head Screw (832, .5" L)

9

90631A006

Low-Strength Steel Nylon-Insert Locknut (5-40, 9/64 L)

4

10

89015K51

Rectangular Aluminum Sheet (0.5" X 1.5" X .06")

4

11

92949A539

4

12

90640A129

18-8 Stainless Steel Button Head Hex Drive Screw (1/420, .625" L)
Low-Strength Steel Nylon-Insert Locknut (1/4-20, 5/16"
L)

9

DESCRIPTION

141000

9

Gate Door (11" X 11" X .375")
Anodized 6063 Aluminum U-Channel (5/16" Height X
1/2" Wide Outside; 1/16" Wall Thickness; 13" L)
Multipurpose 6061 Aluminum (13" X .25" X X .5")

QTY.
1

2
2
1
1
6
4

B

12

4

2

10

10

6

NOTES, UNLESS SPECIFICED OTHERWISE :
3

8

1. ITEM 1 IS MADE FROM HDPE

12
10
11

A

A

8
7
COMMENTS:

6
7
4

11

12
6

DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

FINISH

DO NOT SCALE DRAWING

4

3

2

TITLE:

GATE ASSEMBLY
(EXPLODED VIEW)
SIZE DWG. NO.

B

140000
WEIGHT:

1

REV

1

SHEET 2 OF 2

4

3

2
ITEM NO.

B

1

PART NUMBER

1

4592T113

2

8975K729

DESCRIPTION

QTY.

Length

2

13"

2

13"

Anodized 6063 Aluminum UChannel (5/16" Height X 1/2"
Wide Outside; 1/16" Wall
Thickness)
Multipurpose 6061 Aluminum
(.25" W; .5" T)

B

.75

5.00

.75

.30

12X
.136 THRU ALL
8-32 UNC - 2A THRU ALL

NOTES, UNLESS SPECIFICED OTHERWISE :

2

A

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.XX= .01
X.XXX= .001

.75

5.00

1.
2.

1

A
2
COMMENTS:

TITLE:

GATE ASSEMBLY
(CUT LIST AND DRILL
LIST)

1
DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

FINISH

DO NOT SCALE DRAWING

4

3

2

SIZE DWG. NO.

B

140000

SCALE: 1:2 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

2

B

.5

1-4

1

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

4592T113

Anodized 6063 Aluminum UChannel (5/16" Height X 1/2" Wide
Outside; 1/16" Wall Thickness)

2

2

8975K729

Multipurpose 6061 Aluminum (.25"
W; .5" T)

2

3

89015K51

Rectangular Aluminum Sheet

4

B

WELDED 4X

2
3

1

.06
.06

.5

WELDED 4X

NOTES, UNLESS SPECIFICED OTHERWISE :
1.
2.

A

3.

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.X= .1
X.XX= .01
WELDING OF UPRIGHTS BEGINS AT TOP AND ENDS AT BOTTOM
COMMENTS:

DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

FINISH

DO NOT SCALE DRAWING

4

3

2

TITLE:

GATE ASSEMBLY
WELD
1
B 140000

SIZE DWG. NO.

SCALE: 1:2 WEIGHT:

1

REV

SHEET 2 OF 2

A

4

3

2

1

B

B

.75

.125

5.12

11.00

4X

3.81

A

7.19

11.00

A

NOTES, UNLESS SPECIFIED OTHERWISE:
1.
2.

3.

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.X = .1
X.XX= .01
X.XXX= .001
THICKNESS OF HDPE IS .375"

COMMENTS:

GATE DOOR
DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

HDPE

FINISH

DO NOT SCALE DRAWING

4

TITLE:

3

2

SIZE DWG. NO.

B

141000

SCALE: 1:2 WEIGHT:

1

REV

1

SHEET 1 OF 1

3

2

1

.2
5

4

B

.25

.50

B

1.25
1.50

A

A

NOTES, UNLESS SPECIFIED OTHERWISE:
1.
2.
3.

ALL DIMENSIONS ARE IN INCHES
TOLERANCES:
X.X = .1
X.XX= .01
THICKNESS OF ALUMINUM SHEET IS .06"

COMMENTS:

DRAWN BY

EMAIL

Teng Lee
tlee131@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

5/6/21

MATERIAL

FINISH

DO NOT SCALE DRAWING

4

3

2

TITLE:

RECTANGULAR
ALUMINUM SHEET
SIZE DWG. NO.

B

141900

SCALE: 2:1 WEIGHT:

1

REV

1

SHEET 1 OF 1

4

3

2

1

30.00

B

B

20.99
THE RANGE OF
THEASSEMBLY
FROM THE
BACK OF THE
TABLE TOP AND
ADJUSTABLE L
BAR FRONT
PUSH PIECES IS:
18.5" TO 29.1"

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1

1.50

A

A

4.88
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

BAGGING AID
ASSEMBLY
B 150000A 1

SIZE DWG. NO.

SCALE: 1:5 WEIGHT:

1

REV

SHEET 1 OF 14

4

3

2

1

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

151000

1

2

151100

TABLE TOP, ALUMINUM 6061
ADJUSTABLE L BAR CUBBY
ASSEMBLY, ALUMINUM 6061

3

151200

ADJUSTABLE L BAR ASSEMBLY

1

4

151300

FlANGE, ALUMINUM 6061

1

1

1

B

B

4

2

A

A
3

COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

BAGGING AID
ASSEMBLY
(EXPLODED)

SIZE DWG. NO.

B

150000B

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 2 OF 14

4
4X

3

21/64

16 X

2

1

.13

B

B
17.50
15.63
11.14
10.64

.75
.75

1.75 2.25

8.12
8.62

A
21.38
21.88
29.25

B

C

30.00

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3. MANUFACTURER: MCMASTER-CARR
PART NUMBER: 89015K51
6061 ALUMINUM,24" X 48" X0.063"

.063

A

A
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

TABLE TOP

SIZE DWG. NO.

B

151000

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 3 OF 14

4

3

2

1
NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3.
PART IS SYMMETRICAL ABOUT VERTICAL CENTER LINE
4.
MANUFACTURING ALTERNATIVE: METAL CUBBY
RECTANGLES CAN BE WELDED TO THE ADJUSTABLE L BAR
CUBBY ASSEMBLY IN THE SAME LOCATIONS IN THE DRAWING

B

B

9.89

1.00
12.13
14.25

1.06
.063
1.06

A

B

2.00

10.00

2X R.09

A

R.09

COMMENTS:

TITLE:

ADJUSTABLE L BAR
CUBBY ASSEMBLY
DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

SIZE DWG. NO.

B

151100A

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 4 OF 14

4

3

2
ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

151110

1

2

151120

ADJUSTABLE L BAR CUBBY,
ALUMINUM 6061
Metal Cubby Rectangle,
ALUMINUM 6061

2

B

1

4

B

NOTE:
1. SIXTEEN 1/8 x 5/8 RIVETS ARE
INCLUDED IN THE
MANUFACTURERD ASSEMBLY
WHILE IT WAS NOT POSSIBLE TO
SHOW PRESSED RIVETS IN THE
ASSEMBLY AT THIS TIME

2

2

1
2

A

A
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

OCTOBER 11, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

ADJUSTABLE L
BAR CUBBY
ASSEMBLY
(EXPLODED)

SIZE DWG. NO.

B

151100B

SCALE: 1:2 WEIGHT:

1

REV

1

SHEET 5 OF 14

4

3

2

13.92

1

B

2.03

B

B

11.92
9.89
9.64
NOTE:
9.14
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3. ALL THREE BENDLINES HAVE A RADIUS 0.30 AND BEND 90 UPWARD
4. Stock is 0.063" thick.

A

.75
.31

A

.31
.81

.81
15.95

.25
C

A
COMMENTS:

.063
DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

ADJUSTBALE L
BAR CUBBY
1
151110
B

SIZE DWG. NO.

SCALE: 1:2 WEIGHT:

1

REV

SHEET 6 OF 14

4

3

2

1

B

B

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3. MANUFACTURER: MCMASTER-CARR
PART NUMBER: 89015K51 6061 ALUMINUM
SHEET METAL, THICKNESS 0.063"

1.06

R.10

A

A
COMMENTS:

1.06

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

METAL CUBBY
RECTANGLE

.063
DRAWN BY

SOLIDWORKS Educational Product. For Instructional Use Only.

TITLE:

3

2

SIZE DWG. NO.

B

151120A

SCALE: 4:1 WEIGHT:

1

REV

1

SHEET 7 OF 14

4
4X

3

2

1

1.25

.13

.25

B

B

1.00
.75

.25

B

.75
1.75

A

2.01

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3. MANUFACTURER: MCMASTER-CARR
PART NUMBER: 89015K51 6061 ALUMINUM
SHEET METAL, THICKNESS 0.063"

A

A

.063
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

METAL CUBBY
RECTANGLE FLAT
B 151120B 1

SIZE DWG. NO.

SCALE: 4:1 WEIGHT:

1

REV

SHEET 8 OF 14

4

3
10.75

2

1

B
.38

.50

B

B

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1

12.13
12.06
11.06

A

A

A

4.63
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

MAY 14, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

ADJUSTABLE L
BAR ASSEMBLY
B 151200A 1

SIZE DWG. NO.

SCALE: 1:2 WEIGHT:

1

REV

SHEET 9 OF 14

4

3

B

2

1

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

151210

CROSSBAR, ALUMINUM 6061,
8975K578

1

2

8975K577

ADJUSTABLE L BAR

2

3

151230

ADJUSTABLE L BAR FRONT PUSH
PIECE

2

4

151240

INSIDE METAL STOPPER

1

2

B

4

2

3

1

A

A
COMMENTS:

3

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

OCTOBER 15, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

ADJUSTABLE L BAR
ASSEMBLY EXPLODED

SIZE DWG. NO.

B

151200B

SCALE: 1:2 WEIGHT:

1

REV

1

SHEET 10 OF 14

4

3

2

1

B

B

4X R.10

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3. MANUFACTURE: MCMASTER-CARR
PART NUMBER: 8975K578
1/8" x 1" x 12"
4. CORNERS SMOOTHED UNTIL NOT SHARP

A

A
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

MAY 14, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

CROSSBAR

SIZE DWG. NO.

B

151210

SCALE: 1:2 WEIGHT:

1

REV

1

SHEET 11 OF 14

4

3

B

2

1

2.00

B

B

A
NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
ANGLES = 1
3. CUT FROM 890151K51 6061
ALUMINUM SHEET METAL
3.00

A

.063

3X R.10

COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

MAY 14, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

A

C
TITLE:

ADJUSTABLE L BAR
FRONT PUSH PIECE
SIZE DWG. NO.

B

151230

SCALE: 1:1 WEIGHT:

1

REV

1

SHEET 12 OF 14

4

3

2

1

B

B
.063

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3.
ANGLES = 1
2X R.10

1.75

11.25

A

A
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EUD

GROUP

DATE

SENIOR PROJ. TEAM W24

MAY 15, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

INSIDE METAL
STOPPER
1
B 151240

SIZE DWG. NO.

SCALE: 1:2 WEIGHT:

1

REV

SHEET 13 OF 14

4

3

2

1

C

.063

B

B

B

5.50
5.00
.50

2 X R.10
2 X .34

.81

4.50

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3.
ANGLES = 1

A

A

A

2 X R.25
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EUD

GROUP

DATE

SENIOR PROJ. TEAM W24

NOVEMBER 28, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

FLANGE

SIZE DWG. NO.

B

151300

SCALE: 1:2 WEIGHT:

1

REV

1

SHEET 14 OF 14

4

3

2

1

A

.25

12.83

B

B
B
23.50

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3. ANGLES = 1
4. ASSEMBLY: THE PLATFORM
ASSEMBLY CAN BE PLACED IN ANY OF
THE STANDARD'S SLOTS AS LONG AS
THE SHELF BRACKET'S HOOKS ARE AT
THE SAME LEVEL.

27.31

A

A
COMMENTS:

C
DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

DECMEBER 04, 2021

MATERIAL

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

ADJUSTABLE
SHELF ASSEMBLY
B 160000A 1

SIZE DWG. NO.

SCALE: 1:4 WEIGHT:

1

REV

SHEET 1 OF 6

4

3

2
ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

161000

SHELF STANDARD, PART NUMBER:
5419927

2

2

5418827

SHELF BRACKET

2

3

161200

SHELF PLATFORM, HDPE (12"(W)X
24" (L) X0.25" (T))

1

4

161300

PLASTIC SPACER, HDPE (1"(W)
X12" (L) X 0.50" (T))

2

5

161900

ALUMINUM SUPPORT BASE, 6061

1

6

57979

#6-32 2 1/2" PHILLIPS FLAT HEAD
SCREWS

4

7

802541

ZINC-PLATED STEEL SPLIT LOCK
WASHER

4

8

57979

#6 HEX NUTS. THESE CAME WITH
THE 57979 #6-32 PACKAGE

4

11

314753

EVERBIT #10-24 X 2-1/2" COMBO
ROUND HEAD ZINC PLATED
MACHINE SCREW

4

12

208036

13

800121

6
12

6

1

13

1
12

11

13
6

B

12

13

6
3

1
4

12

13

EVERBIT #10 ZINC FLAT WASHER
EVERBIT #10-24 STAINLESS STEEL
NYLON LOCK NUT

B

4
4

5
2
7
7
8
8

A

4

A

2
7
7

COMMENTS:

8

DRAWN BY

8

EMAIL

Annica Navarro
anavar57@calpoly.edu

GROUP

DATE

SENIOR PROJ. TEAM W24

DECEMBER 04, 2021

MATERIAL

FINISH
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3

2

TITLE:

ADJUSTABLE SHELF
ASSEMBLY (EXPLODED)

SIZE DWG. NO.

B

160000B

SCALE: 1:1 WEIGHT:

1

REV

1

SHEET 2 OF 6

4

3

2

1

9.00

B

B

27.31
NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3.
PART NUMBER: 5418827
LENGTH: 28"

A

A
COMMENTS:

A

DRAWN BY

EMAIL

Annica Navarro
anavar57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

DECEMBER 04, 2021

MATERIAL

FINISH
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3

2

TITLE:

SHELF STANDARD
SIZE DWG. NO.

B

161000

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 3 OF 6

4

3

2

1

THRU ALL
4X #25
0.20 x 82 , NEAR SIDE

B

B
22.50

B

.50
2.63

8.56
NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3. ANGLES = 1

12.00

A

R.25

R.25

A

.25
23.50

COMMENTS:

C

0.10 A
DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

DECEMBER 04, 2021

MATERIAL

HIGH-DENSITY POLYETHYLENE
FINISH
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2

TITLE:

SHELF PLATFORM

SIZE DWG. NO.

B

161200

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 4 OF 6

4

3
1.00

2X .15 THRU ALL
10-24 UNC - 2B THRU ALL

A

2

1

B

.50

2.63

B

B
8.56
12.00

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3.
ANGLES = 1

2x R.25

.25

A

A

C
COMMENTS:

DRAWN BY

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

MAY 11, 2021

MATERIAL

HIGH-DENSITY POLYETHYLENE
FINISH
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TITLE:

PLASTIC SPACER

SIZE DWG. NO.

B

161300

SCALE: 1:1 WEIGHT:

1

REV

1

SHEET 5 OF 6

4

3

2

1

B

B
23.50
22.50

A

.50

B

2.63

8.56
12.00

NOTE:
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX = 0.01
3. ANGLES = 1
4. Part number: 23084
4X

A
R.25

#25 THRU ALL

A

R.25
COMMENTS:

DRAWN BY

D

EMAIL

ANNICA NAVARRO
ANAVAR57@CALPOLY.EDU

GROUP

DATE

SENIOR PROJ. TEAM W24

DECEMBER 04, 2021

MATERIAL

6061 ALUMINUM

FINISH

DO NOT SCALE DRAWING

4

SOLIDWORKS Educational Product. For Instructional Use Only.

3

2

TITLE:

ALUMINUM
SUPPORT BASE
1
B 161900

SIZE DWG. NO.

SCALE: 1:3 WEIGHT:

1

REV

SHEET 6 OF 6

4

3

B

2

1

B

42.0

37.3

43.3

A

A
COMMENTS:

TABLE FRAME
ASSEMBLY

30.3

DRAWN BY

EMAIL

NATALIE ROBERTS
NROBER08@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 4, 2021
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TITLE:

3

2

SIZE DWG. NO.

B

170000A

SCALE: 1:12 WEIGHT:

1

REV

1

SHEET 1 OF 1

4

3

2

1

1

ITEM NO.

PART NO.

QTY.

DESCRIPTION

LENGTH (IN)

1

8809T7

6

ALUMINUM BOLT TOGETHER FRAMING

30

2

8809T7

4

ALUMINUM BOLT TOGETHER FRAMING

39

3

8809T7

2

ALUMINUM BOLT TOGETHER FRAMING

25.5

4

6535K312

4

GALVANIZED STEEL BOLT TOGETHER
FRAMING

17

5

8809T7

1

ALUMINUM BOLT TOGETHER FRAMING

27

6

8809T7

2

ALUMINUM BOLT TOGETHER FRAMING

3

3

B

B

6

5
1

2

A

A
COMMENTS:

4
DRAWN BY

EMAIL

NATALIE ROBERTS
NROBER08@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 3, 2021
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3

2

TITLE:

TABLE STRUCTURE
CUT LIST
SIZE DWG. NO.

B

170000B

SCALE: 1:8 WEIGHT:

1

REV

1

SHEET 1 OF 1

4

3

2

1

10
4

ITEM NO.

PART NO.

DESCRIPTION

QTY.

1

8809T62

1-1/2" ALUMINUM CORNER
BRACKET

14

2

8809T63

TEE SURFACE BRACKET

4

3

98325A258

T-HANDLE QUICK RELEASE PIN

4

4

171400

5/16"-18 X 2-1/2" HEX BOLTS

22

5

171900

5/16"-18 X 2" STAINLESS STEEL
BUTTON HEAD BOLT

4

6

172000

5/16 IN.-18 X 4 IN. GALVANIZED HEX
BOLT

4

7

172100

5/16" GRADE 18-8 STAINLESS STEEL
MEDIUM SPLIT LOCK WASHERS

28

8

172200

5/16"-18 STEEL FLANGE NUT

28

9

171600

5/16"-18 STAINLESS STEEL HEX NUTS

4

10

171800

5/16"-18 STAINLESS STEEL 304
ACORN CAP NUTS

10

11

172800

METAL BACK COVER ASSEMBLY

1

12

180000

SHELF SUPPORT

1

13

191000

HEAVY-DUTY 5" SCAFFOLD WHEEL
HARD RUBBER LOCKING CASTER

2

8

4
7

7

B

1
8

8
2

DETAIL A

6

SCALE 1 : 4
4

6

8

8
7

4

7

DETAIL B

6

SCALE 1 : 4

A
B

3

*
*

4
11

1

7

C

9

5

8
1

A

DETAIL C

13

A
4
COMMENTS:

TITLE:

SCALE 1 : 4

3

DRAWN BY

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

NATALIE ROBERTS & JESSIE BOUCHER
EMAIL

NROBER08@CALPOLY.EDU

DECEMBER 4, 2021
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3

2

TABLE FRAME
ASSEMBLY,
EXPLODED (1)

SIZE DWG. NO.

B

170000C

SCALE: 1:10 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

8

4

B

6

PART NO.

DESCRIPTION

QTY.

1

9512K920

BALL STUD MOUNTING BRACKET FOR GAS
SPRING

2

2

8809T62

1-1/2" ALUMINUM CORNER BRACKET

2

3

171400

5/16"-18 X 2-1/2" HEX BOLTS

10

4

171900

5/16"-18 X 2" STAINLESS STEEL BUTTON HEAD
BOLT

10

5

58408

1/4" X 3" STAINLESS STEEL EYEBOLT, W/ NUT

4

6

171500

5/16" ZINC PLATED FLAT WASHER

46

7

172500

EVERBIT #10 ZINC FLAT WASHER

4

8

172100

5/16" GRADE 18-8 STAINLESS STEEL MEDIUM
SPLIT LOCK WASHERS

4

9

171600

5/16"-18 STAINLESS STEEL HEX NUTS

14

10

172200

5/16"-18 STEEL FLANGE NUT

6

11

172600

PLASTIC SIDE COVER

2

12

172700

PLASTIC TOP COVER

1

13

172800

METAL BACK COVER ASSEMBLY

1

1

2

6

5X
8

5X

DETAIL E

10

SCALE 1 : 4

DETAIL F

12

SCALE 1 : 4

E
F

9
6

9
7

1

ITEM NO.

3

3

10

2

4

B

5

A

A
COMMENTS:

11
DRAWN BY

NATALIE ROBERTS & JESSIE BOUCHER
EMAIL

NROBER08@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 4, 2021
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3

2

TITLE:

TABLE FRAME
ASSEMBLY,
EXPLODED (2)

SIZE DWG. NO.

B

170000D

SCALE: 1:10 WEIGHT:

1

REV

1

SHEET 2 OF 2

4

3

2

1

NOTES:
6 X R.25

24

UNLESS OTHERWISE SPECIFIED
1. ALL DIMENSIONS IN INCHES.
2. TOLERANCES:
1. X.XX = .01
2. X.XXX = .005
3. MAKE FROM 1/8" THICK PASTIC SHEET, CLEAR
OR TRANSPARAENT.

B

B

13.63
4 X R.25
29.75
1.75
.625

32
.75

9.625

15.00

4X

.328
.875

.625

2 X R.25
7.50

5X

.332

2 X .625

PART NO. 172700

15.00

PLASTIC TOP COVER
X1

.625

A

6.625

PART NO. 172600

PLASTIC SIDE COVER
X2

COMMENTS:

DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 5, 2021
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3

2

TITLE:

A
PLASTIC COVERS
FOR TABLE
STRUCTURE

SIZE DWG. NO.

B

172600

SCALE: 1:5 WEIGHT:

1

REV

1
SHEET 1 OF 1

4

3

2

1

B

B

3.02
27.25
28.50

7.25

A

A
29.75
COMMENTS:

DRAWN BY

EMAIL

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 4, 2021
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TITLE:

METAL BACK
COVER
ASSEMBLY

SIZE DWG. NO.

B

172800A

SCALE: 1:4 WEIGHT:

1

REV

1

SHEET 1 OF 2

4

3

3

2

1

ITEM NO.

PART NO.

DESCRIPTION

QTY.

1

172810

METAL BACK COVER

1

2

172820

LARGE BRACKET FOR METAL COVER

2

3

172830

SMALL BRACKET FOR METAL COVER

2

4

172840

5

172850

STAINLESS STEEL BUTTON HEAD HEX
DRIVE SCREW
1/4"-20 X 5/16" LOW-STRENGTH STEEL
LOCKNUT

6

172860

7

172870

7

6

B
1

2
2

#10-24 X 1 IN. PHILLIPS FLAT HEAD
STAINLESS STEEL MACHINE SCREW
#10-24 STAINLESS STEEL NYLON
LOCK NUT

B

2
2

4
3
2

7

6

A

5

4
2

DRAWN BY

EMAIL

A

JESSIE BOUCHER
JABOUCHE@CALPOLY.EDU

COMMENTS:

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 4, 2021
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3

2

METAL BACK
COVER ASSEMBLY
(EXPLODED)

TITLE:

SIZE DWG. NO.

B

172800B

SCALE: 1:3 WEIGHT:

1

REV

1

SHEET 2 OF 2

4

3

2

1

.40

1.25

UP 90° R .03

.266

B

UP 90° R .03

.625

B

2 X .275
2X

.201

4 X R.05

.50

2.65

.332

PART NO. 172830

PART NO. 172820

SMALL BRACKET FOR METAL COVER
X2

LARGE BRACKET FOR METAL COVER
X2

1.70

.50

PART NO. 172810

METAL BACK COVER
X1

2X

.201 (TOP)

SCALE 1:4

1.25

NOTES:

2 X .50

UNLESS OTHERWISE SPECIFIED
1. ALL DIMENSIONS IN INCHES.
2. TOLERANCES:
1. X.XX = .01
2. X.XXX = .005
3. MAKE FROM 1/16" THICK 6061 ALUMINUM SHEET.
4. BEND LINE MARKS CENTER OF THE BEND.
5. DEBURR ALL SHARP EDGES.

2 X .25

A

4 X R.10

6.76

COMMENTS:

29.50

2X

4 X R.10

DRAWN BY

EMAIL

JABOUCHE@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 5, 2021

6061 ALUMINUM
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3

TITLE:

METAL BACK
COVER PARTS

.266 (BOTTOM)

JESSIE BOUCHER

2

A

SIZE DWG. NO.

B

172800C

SCALE: 2:1 WEIGHT:

1

REV

1

SHEET 1 OF 1

4

4X

B

.328

3

2 X 5.65
1.25

2X

2

1

12 X R.10

.20

B

DOWN 90° R .06

DOWN 90° R .06

23.8 18.0

DOWN 90° R .06

2 X 1.7

NOTES:

DOWN 90° R .06

3.15

2.65

2 X 1.7
2 X 8.65

A

UNLESS OTHERWISE SPECIFIED:
1.
DIMENSIONS ARE IN INCHES
2.
TOLERANCES:
1.
X.X .05
2.
X.XX .01
3.
CUT AND DRILL FROM 36" x 24" x
1/16" 6061 ALUMINUM SHEET METAL.
4.
CUTTING WITH WATERJET IS HIGHLY
RECOMMENEDED.

2 X 1.50

A

28.5
33.8
COMMENTS:

TITLE:

SHELF SUPPORT
DRAWN BY

EMAIL

NATALIE ROBERTS
NROBER08@CALPOLY.EDU

GROUP

MATERIAL

DATE

FINISH

SENIOR PROJ. TEAM W24

DECEMBER 4, 2021

6061 ALUMINUM
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3

2

SIZE DWG. NO.

B

180000

SCALE: 1:1 WEIGHT:

1

REV

1
SHEET 1 OF 1

Appendix J: Manufacturing Plan

Manufacturing Plan
Lifting Mechanism (110000)
Top Shaft Assembly (111000)
Circular Saw
1. Cut 1” aluminum bar stock to length.
Belt Sander
2. Smooth the rough ends.
Lathe
3. Start on one half of the bar stock.
4. Face the end of the shaft to have a perfectly flat surface.
5. Use a center dill to make a hole in the end of the shaft. Put a live center in the tail
stock to support and insert it into that hole to support the shaft during the turning
operations.
6. Turn down to the two shoulder diameters, as specified in drawing 111010.
7. Cut the retaining ring groove and chamfers.
8. Flip shaft to other side and repeat steps 4. through 7. This finishes the Top Shaft
(111010).
Assembly
9. Secure the sprockets onto the shaft with retaining rings.
i. Be sure the sprockets are in the right direction, as noted on the shaft assembly
drawings.
Spring Shaft Assembly (111100)
Circular Saw
1. Cut 1” aluminum bar stock to length.
Belt Sander
2. Smooth the rough ends.
Lathe
3. Start on one half of the bar stock.
4. Face the end of the shaft to have a perfectly flat surface.
5. Use a center dill to make a hole in the end of the shaft. With drill bit size F, drill the
hole in the end face of the shaft.

J-1

Appendix J: Manufacturing Plan Continued

6. Put a live center in the tail stock to support and insert it into that hole to support the
shaft during the turning operations.
7. Turn down to the shoulder diameter specified in the detailed drawing.
8. Cut the retaining ring groove and chamfers.
9. Flip shaft to other side and repeat steps 4. through 8.
Mill
10. Fix the spring shaft to the mill table using the vice with V-blocks as necessary.
i. Be sure the spindle can reach both flat surfaces that need milling without
moving the piece in the vice. These surfaces need to be coplanar. Surface
finish is not an issue.
11. Cut the two slots into the side of the shaft.
12. With drill size F, make a through hole on each of the slots.
Tapping Device
13. Holding the shaft vertical in a vice with soft jaws, tap the holes in the ends of the
shaft.
14. Hold the shaft horizontal with the soft jaws and tap the holes drilled on the mill.
Assembly
15. Secure the sprockets onto the shaft with retaining rings.
i. Be sure the sprockets are in the right direction, as noted on the shaft assembly
drawings.
16. Thread the track rollers into the ends of the shaft.
Guide Rails (111200)
Drill Press
1. Drill two 21/64” diameter holes into both roller tracks, where it will be bolted to the
aluminum table.
2. Countersink the hole close to the middle of the rail until the countersunk bolts will sit
flush against the rail.
i. It needs to be flush so the track roller can roll past without getting stuck.
Gas Springs (111300)
3. Remove ball stud from the larger diameter end of the gas spring.

Elevator Platform (120000)
Circular Saw
1. Cut the aluminum tubing and bar stock to size.

J-2
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Belt Sander
2. Smooth the rough ends of the aluminum tubes and bars. De-burr as necessary.
Drill Press
3. Drill two 21/64” in each aluminum bar piece where the track rollers will attach.
4. Drill a 5/16” hole in the bottom of each aluminum bar for attachment to bottom
tubing.
5. Drill 5/16” holes in bars in tubing, where specified in the drawings, for attaching the
HDPE.
Tapping Device
6. Tap holes for track rollers.
TIG Welding
7. Align tubing and support strips for bottom platform and TIG weld together.
8. Attach the aluminum bars to the bottom platform with bolts, as show in the assembly
drawing.
9. Fixture the side brackets to the platform and TIG weld it together.
Assembly
10. Attach the HDPE to the aluminum frame with nuts, bolts and washers.
11. Thread the track rollers into the vertical aluminum bar pieces.

Chute Assembly (130000)
Chute (131000)
Water Jet
1. Cut the stainless-steel sheet flat pattern using the waterjet. Cut both the outline and all
the fastener holes.
Metal Brake
2. Bend the two 8” sides at a 90° angle.
File
3. File the front and back edges down.

Horizontal Chute Brace (131200)
Horizonal Bandsaw
4. Cut a 11.75” long strip of aluminum U-channel.
J-3
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Hacksaw
5. Cut a groove that aligns with the chute wall on each side of the aluminum U-channel.
Assembly
6. Slide the horizontal chute brace’s inserts into the chute wall, as shown in the
assembly drawing.
7. Add rubber trim to the chute’s left, right, front, and back sides.

Gate Assembly (140000)
Gate Door (141000)
Drill Press
1. Drill 1 Ø .128” holes (through all) on each of the four available holes referenced from
the Unthreaded-Hole Round Pull Handle (141300), with the Unthreaded-Hole Round
Pull Handle (141300) being placed in the center of the Gate Door (141000).
Hand Sander
2. Smooth the two edges adjacent to the aluminum U-channels until the door can slide
easily through the aluminum U-channels.
6063 Aluminum U-Channel 2X (141100)
Horizonal Bandsaw
3. Cut the 6063 Aluminum U-Channel into 2 strips of 13” long pieces.
File
4. Smooth sharp edges.
Assembly
5. TIG weld each of the 6061 Aluminum Gate Uprights to connect with the 6063
Aluminum U-Channels, as shown in the welding drawing.
6061 Aluminum Gate Uprights 2X (141200)
Horizonal Bandsaw
6. Cut the 6061 Aluminum Gate Uprights into 2 strips of 13” long pieces.
File
7. Smooth sharp edges.

J-4
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Drill Press
8. For each 6061 Gate Upright 2X (141200), drill 2 Ø .1” holes (through 0.25”),
following the location of the holes set by the J-shape hook which is located at the top
of the .5” face; thread the hole afterwards to make the diameter .164” (8-32 2A).
9. Repeat step 2 twice but with the 5” increments down from the 2 initial holes.
Gate Door Handle (141300)
Assembly
10. Attach 1 bolt (5-40 2A) each with a lock nut to each of the four mounted holes of the
door handle.
Gate Door Brace (141400)
Step Shear
1. Cut 13” X 1.5” rectangular aluminum sheet with .063” thicknesses.
Drill Press
2. Drill one .25” clearance hole located .3” from the top of the 13” long side on each
side.
3. Drill one .25” clearance hole vertically located .75” from the .25” clearance hole
mentioned in Step 2 on each side.
Finger Break
4. Bend the two 1.5” long sides at 90-degree angles.
Assembly
5. Use 2 bolts (8-32 2A) from the J-shape Hook on each side of the door to attach the
brace to the gate door design.
J-Shape Hook (141500)
Assembly
6. Attach 1 bolt (8-32 2A) through each of the 12 holes.
Gate Upright Aluminum Sheet 4X (141900)
Step Shear
1. Cut 1.5” X 0.5” rectangular aluminum sheets with .06” thicknesses.

J-5
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Drill Press
2. Drill .25” clearance holes located .25” from the 1.5” end
Hand Sander
3. Smooth the edges.

Assembly
4. TIG weld each of the 6061 Aluminum Gate Uprights to two rectangular aluminum
sheets—one of the aluminum sheets 0.5” from the table sheet and the other 5.5” from the
table sheet

Bagging Aid (150000)
Table Top (151000)
Sheet Metal Shear
1. Cut a 17.50” x 30” rectangle from the 24” x 48” (89015K51) sheet of 6061 Aluminum.
Drill Press
2. Drill sixteen 1/8 size, 0.13”, through all holes located for the rivets. Refer to drawing
151000 for hole locations.
3. Drill four size 21/64” through all holes located:
a. 0.75” from the left side and 0.75” from the front side.
b. 29.25” from the left side and 0.75” from the front side.
c. 0.75” from the left side and 15.63” from the front side.
d. 29.25” from the left side and 15.63” front the front side.
Adjustable L bar Cubby Assembly (151100)
Adjustable L bar Cubby (151110)
Water Jet Cutter
4. Cut a 15.95” x 11.92” rectangle with two 2.03” x 2.03” squares cut out from the back
left and right corners. This comes from the remaining of the 24” x 48” (89015K51) sheet
of 6061 Aluminum.
Drill Press
5. Drill sixteen 1/8” size through all holes for the rivets. Refer to 151110 drawing for hole
locations.
J-6
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Finger Brake
6. Bend the left side 2.03” from the left edge until about 90 degrees to have about a
0.30” bend radius.
7. Bend the right side 2.03” from the left edge until about 90 degrees to have about a
0.30” bend radius.
8. Bend the back tab until about 90 degrees to have about a 0.30” bend radius. The
fingers on the brake might need to be adjusted.
Metal Cubby Rectangles (151120)
Sheet Metal Step Shear
9. Cut four 1” x 2” rectangles from the remaining of the 24” x 48” (89015K51) sheet of
6061 Aluminum.
Drill Press
10. Drill four 1/8” size diameter through all holes for the Rivets located:
a. 0.75” from the right side and 0.25” from the front side.
b. 1.75” from the right side and 0.25” from the front side.
c. 1.25” from the right side and 0.75” from the front side.
d. 0.25” from the right side and 0.75” from the front side.
Finger Brake
11. Bend all four rectangles in half, 1 in from the right side, with a 0.1” bend radius until
90 degrees. Be careful not to bend too much since the back sides need to be flush with
the Adjustable L Bar Cubby and the Table Top.
Assembly
Rivet Gun
1. Rivet the Metal Cubby Rectangles (151120) to the Adjustable L bar Cubby with 1/8” x
5/8” Rivets.
Note: Metal Cubby Rectangles will have the side notation from the bent orientation. They
will be riveted with their bottom’s facing upward.
a. The Metal Cubby Rectangle’s back face will be aligned with the Adjustable L bar
Cubby’s front right side. This means that the Metal Cubby Rectangle’s front face
will be 1” away from the Adjustable L bar Cubby’s front on the right side. Align
the rivet holes and place the Rivet head with it on the outside.
b. The Metal Cubby Rectangle’s front face will be aligned with the Adjustable L bar
Cubby’s front left side. This means that the Metal Cubby Rectangle’s front face
will be 1” away from the Adjustable L bar Cubby’s front on the left side. Align
the rivet holes and place the Rivet head with it on the outside.
c. The Metal Cubby Rectangle’s front face will be aligned with the Adjustable L bar
Cubby’s back edge of right tab. This means that the Metal Cubby Rectangle’s
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back face will be 1” away from the Adjustable L bar Cubby’s right side tab’s
back. Align the rivet holes and place the Rivet head with it on the outside.
d. The Metal Cubby Rectangle’s back face will be aligned with the Adjustable L bar
Cubby’s back left side tab. This means that the Metal Cubby Rectangle’s front
face will be 1” away from the Adjustable L bar Cubby’s right side tab’s back.
Align the rivet holes and place the Rivet head with it on the outside.
Note: A Dremel might be needed to help align the holes to allow for the Rivets to
properly fit.

Adjustable L bar Assembly (151200)
Crossbar (151210)
Metal Belt Sander
1. Create fillets with a 0.10” radius on the corners. These corners need to be smooth enough
to remove sharp corners. This dimension is not crucial to the part’s function.
Adjustable L bar front push piece (151230)
Sheet Metal Step Shear
2. Cut two 2.00” x 3.00” from the remaining of the 24” x 48” (89015K51) sheet of 6061
Aluminum.
Metal Belt Sander
3. Round the two bottom corners and top inner corners to have a 0.10” fillet. These corners
need to be smooth enough to remove sharp corners due to safety and not puncture bags.
Use steel wool to smooth out edges as well.
Inside Metal Stopper (151240)
Sheet Metal Step Shear
4. Cut one 11.25” x 1.75” rectangle from remaining of the 24” x 48”x 0.063” (89015K51)
sheet of 6061 Aluminum.
Metal Belt Sander
5. Round the two top corners to have a 0.10” fillet. This is just to make sharp corners
smooth, and it is not crucial to have this exact dimension.
Assembly
1. TIG weld the back faces of two Adjustable L bars to the front face of the Inside Metal
Stopper (151240) located:
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a. The right Adjustable L bar’s right side is in plane with the right side of the Inside
Metal Stopper. The bottom of the Adjustable L bar is in plane with the bottom
plane of the Inside Metal Stopper.
b. The left Adjustable L bar’s left side is in plane with the right side of the Inside
Metal Stopper. The bottom of the Adjustable L bar is in plane with the bottom
plane of the Inside Metal Stopper.
2. TIG weld the edges of the front face (0.125” x 1”) of the two Adjustable L bars to the
back face of the Adjustable L bar front push piece. The bottom face of the Adjustable L
bars is located 0.063” away from the top face of the Adjustable L bar push pieces. The
right Adjustable L bar’s left face is 0.5” away from the right face of the right Adjustable
L bar front push piece. The left Adjustable L bar’s right face is 0.5” away from the left
face of the left Adjustable L bar front push piece.
3. TIG weld the Crossbar on the two Adjustable L bars at 11.06” away from the back face
of the Inside Metal Stopper. The right and left faces of the Crossbar are 0.36” away from
the outer edges of the Adjustable L bars.
Flange (151300)
Sheet Metal Step Shear
1. Cut 4.50” x 5.50” rectangle from the remaining of the 24” x 48”x 0.063” (89015K51)
sheet of 6061 Aluminum.
Metal Belt Sander
2. Sand down the bottom left and right corners into 0.25” fillets. This is to make sure
there are no sharp corners to cut bags or people.
3. Sand down the top left and right corners into 0.10” fillets. This is to make sure there
are no sharp corners to cut bags or people.
Sandpaper
4. Lightly sand all the edges and corners to remove any burs or sharp points from prior
manufacturing. This is for safety.
Drill Press
5. Drill two 11/32” diameter clearance holes located:
a. 0.50” from the right side and 0.813” (13/16”) from the top side.
b. 5.00” from the right side and 0.813” (13/16”) from the top side.
Assembly
1. Refer to Top Level Produce Sorting Aid Assembly (100000) first about attaching the
flange (151300) to the Table and Support (170000).
2. Place Adjustable L bar Assembly (151200) inside of Adjustable L bar Cubby Assembly
(151100) with the Adjustable L bar front push pieces facing forward and sticking out of
the Adjustable L bar Cubby Assembly.
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3. Slide the Adjustable L bar Assembly forward enough to allow for the flange to be
between crossbar and the Inside Metal stopper.
4. Align the rivet holes on the Table Top with the Metal Cubby Rectangles’ rivet holes on
their back side. It needs eight 1/8” x 5/8” rivets.
a. Note: Rivets for assembly was picked due to the team’s skill and time. TIG
welding can be an alternative to assembling the Adjustable L bar Cubby
Assembly to the Table Top.
5. Note: The Flange (151300) will be assembled to the Table while its function is for the
Bagging Aid. Refer to Top Level Assembly for its attachment.

Adjustable Shelf (160000)
Shelf Standard (161000)
Metal Cutter (Vertical Bandsaw)
1. Cut less than 11/16 inches from the top of the two Shelf Standards. The top is the section
that has KV 82 m inscribed on it.
Belt Sander
2. Sand down to size of 27.31 inches in length.
Level
3. Use a level to make sure the top and bottom of the Shelf Standards are parallel with one
another.
Drill Press
4. Drill a size F hole located 9.00 inches from the top hole and centered left to right.
a. Note: This hole allows for the Standard to secure to the Table in a lower
location for more support.
Deburring Tool
5. Debur the exposed steel surface to remove any rough edges and hanging steel flakes left
from the Belt Sander.
6. Debur the new hole drilled.
Metal Coating
7. Coat the Shelf Standards’ exposed steel tops with steel metal protectant, Rust-Oleum
paint, and let it dry.
8. Coat the newly drilled hole with steel metal protectant, Rust-Oleum paint, and let it dry.
Plastic Spacer (161300)
Compound Miter Saw
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1. Cut off two 1” wide strips along the 12” width all the way through of the 0.25" x 12”
x 26” HDPE sheet.
Drill Press
2. Use a 25 drill size to make a through hole 0.50 inches away from the right side and
8.56” inches from the back for the two Plastic Spacers.
3. Use a 25 drill size to make a through hole 0.50 inches away from the right side and
2.63 inches from the back for the two Plastic Spacers.
Belt Sander
4. Round the front corners of the Plastic Spacers to have 0.25” Fillets. Use sandpaper to
remove the rough edges from the part.
Shelf Platform (161200)
Compound Miter Saw
1. Cut a 12” x 23.5” rectangle from the remaining 0.25” x 12” x 24” HDPE rectangle
formed after manufacturing the Plastic Spacers.
Drill Press
2. Use a 25 drill size to make a through hole 0.5 inches away from the right side and 23
inches from the right side. They are 8.56” inches from the back. Make it 82 degrees
countersink near side.
3. Use a 25 drill size to make a through hole 0.5 inches away from the right side and 23
inches from the right side. They are 2.63 inches from the back. Make it 82 degrees
countersink near side.
Belt Sander
4. Round 0.25 inch fillets on the front corners. Smooth corners where there are not sharp
edges. Use sandpaper to smooth out the rough edges.
Aluminum Support Base (161900)
Sheet Metal Step Shear
1. Cut a 12” x 23.50” rectangle from the 6061 Aluminum sheet with the part number
23084.
Drill Press
2. Use a 25 drill size to make a through hole 0.5 inches away from the right side and 23
inches from the right side. They are 8.56” inches from the back. This is on the 6061
Aluminum with a part number 23084.
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3. Use a 25 drill size to make a through hole 0.5 inches away from the right side and 23
inches from the right side. They are 2.63 inches from the back. This is on the 6061
Aluminum with a part number 23084.
Belt Sander
4. Round 0.25 inch fillets on the front corners. Smooth corners where there are not sharp
edges. Use sandpaper to smooth out the rough edges.

Assembly
1. Connect back of the Plastic Spacers 0” from the back of the bottom side of Aluminum
Support Base. One has its left side 1” from the Shelf Platform’s right side and the
other Plastic Spacer has its right side 22.5” from the Shelf Platform’s right side.
2. Place the Shelf Support on top of the Aluminum Support Base with all sides aligned.
3. Drill in the two No. 6-32 x 3 in. Phillips Flat Head Zinc Platted Machine Screws into
the two front holes of the Plastic Spacers then into the front holes of the two Shelf
Brackets and secure on the lock washers and nuts.
4. Drill in the two No. 6-32 x 3 in. Phillips Flat Head Zinc Platted Machine Screws into
the two back holes of the Plastic Spacer then into the back holes of the two Shelf
Brackets and secure on the lock washers and nuts.

Table/Support (170000)
Table Frame
Circular saw
1. Cut four pieces of 1.5” x 1.5” perforated aluminum tubing to a length of 39” for the
table and frame support sides.
2. Cut two pieces of 1.5” x 1.5” perforated aluminum tubing to a length of 25.5” for the
front upper leg section of the table.
3. Cut two pieces of 1.5” x 1.5” perforated aluminum tubing to a length of 30” for the
back upper leg section of the table.
4. Cut one piece of 1.5” x 1.5” perforated aluminum tubing to a length of 30” for the
front of the table.
5. Cut one piece of 1.5” x 1.5” perforated aluminum tubing to a length of 27” for the
front frame support.
6. Cut two pieces of 1.75” x 1.75” perforated galvanized steel tubing to a length of 17”
for back lower legs.
7. Cut two pieces of 1.75” x 1.75” perforated galvanized steel tubing to a length of 14”
for front lower legs.
8. Cut two pieces perforated of aluminum tubing to a length of 3”.
9. Cut two pieces perforated of aluminum tubing to a length of 30”.
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Grinder
10. Grind and debur rough edges from sides that were cut.
Plastic Side Cover (172600)
Vertical Band Saw
1. Cut two rectangles to size in reference to drawing 172600.
Drill Press
2. Drill holes: refer to drawing 172600 for locations.
a. One 0.75” hole.
b. Five 0.322” holes.
Belt Sander
3. Round six 0.25” Rivets in the location on drawing 172600.
Plastic Top Cover (172700)
Table Saw
1. Cut the sheet to size from drawing 172600.
Drill Press
2. Drill four 0.328” holes in the locations on drawing 172600.
Belt Sander
3. Round all four corners to have a 0.25” fillet.
Metal Back Cover Assembly (172800)
Metal Back Cover (172810)
Sheet Metal Shear
1. Cut a rectangle 6.76” x 29.50” from the 6061 Aluminum in drawing 172800C.
Drill Press
2. Drill two .201” top holes in the locations on drawing 172800C.
3. Drill two .266” bottom holes in the location on drawing 172800C.
Sheet Metal Belt Sander
4. Round all four corners to have .10” fillet.
Large/Small Brackets for Metal Cover (172820/172830)
Sheet Metal Step Shear
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1. Large: cut a 1.25” x 2.65” rectangle from the 1/16” thick 6061 Aluminum.
2. Small: cut a .50” x 1.25” rectangle from the 1/16” thick 6061 Aluminum.
Drill Press
3. Large: one.266” hole and one .332” hole. Refer to drawing 172800C for locations.
4. Small: two .201” holes. Refer to drawing 172800C for locations.
Sheet Metal Belt Sander
5. Large: round all four corners to have 0.05” fillets.
6. Small: round all four corners to have 0.10” fillets.
Finger Brake
7. Large: bend the rectangle 90° with a 0.03” bend radius. Refer to drawing
172800C for location.
8. Small: bend the rectangle 90° with a 0.03” bend radius. Refer to drawing
172800C for location.
Assembly
9. Attach table front, sides, and front legs together with L-brackets and 5/16” – 18
bolts, lock washers, and nuts.
10. Attach frame front and side supports with L-brackets and 5/16” – 18 bolts, lock
washers, and nuts.
11. Attach back aluminum legs to table top and sides with surface brackets and 5/16”
– 18 bolts, lock washers, and nuts.
12. Insert lower steel legs into upper aluminum legs and stick 5/16” pin through holes
in legs.
13. Attach one 30” long aluminum tube across the top of the table structure with nuts,
washers and 5/16”- 18 bolts.
14. Attach the two 3” long aluminum tubes (spaced 5 holes from the edge of the table
structure) to the 30” long tune with 4 aluminum long tee surface brackets and
fasteners.
15. Place the other 30” long aluminum tube on top of the 3” aluminum tubs and
attach with 2 corner brackets and fasteners.
16. Attach plastic side covers with two bolts and the other bolts to secure it are in the
elevator platform assembly and the lifting mechanism assembly. Also secure with
washers and nuts.
17. Attach plastic top cover with four 5/16”-18 x 2” stainless steel button head bolts
and secure it with washers and nuts.
18. Secure large and small brackets for the metal cover in their locations in drawing
17200A:
a. Large brackets: with stainless steel button head hex drive screw and ¼"-20 x
5/16” steel locknut.
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b. Small brackets: No. 10-24 x 1” Phillips flat head stainless steel machine screw
and No.10-24 stainless steel nylon lock nut.
19. Secure metal back cover assembly to the table structure with four 5/16”-18 x 2-½”
hex bolts with its respected washers and nuts to the large and small brackets.

Shelf Support (180000)
Sheet Metal Step Shear
1. Cut 1/16” thick 6061 aluminum sheet metal to 34” x 24”.
2. Cut 2” x 2” rectangles in each of the 4 corners of the sheet.
Tin snips
3. Cut two 1.5” slots on one side of the sheet.
Drill Press
4. Drill four holes of 5/16” diameter in each of the 4 corners. The front two sides are
located 0.75” apart from the front and side bends. The other holes are located 28.25”
apart side to side and 18” apart front to back.
5. Drill 2 holes to fit #10-24" bolts on side of sheet without slots.
Sheet Metal Brake
6. Bend 2” long sides along all edges of metal sheet.
Assembly
7. Bolt shelf to frame support with 5/16” – 18 nuts, lock washers, and bolts.

Wheels (190000)
Assembly
1. Insert wheel with square tubing (1.25” x 1.25”) attachment into bottom of front legs.
2. Secure with bolts, lock washers, and nuts.

Top Level Assembly (100000)
Lifting Mechanism Assembly (110000)
Assembly
1. Bolt the guide rails onto the table frame.
2. Slide the Spring Shaft Assembly (111100) onto the guide rails, by way of the track
rollers.
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3. Screw in the ball stud mounting brackets to the bottom of the aluminum tube.
4. Screw in the ball stud thread that is still attached to each gas spring into the threaded
holes of the spring shaft.
5. Attach the ball sockets to the ball studs on the mounting brackets.
6. Bolt the base-mounted shaft supports to the table frame. Loosen their top halves so
the top shaft can slide through.
7. Mount the top shaft on the base-mounted shaft supports.
8. Attach the single-attachment ends of the roller chains to the bottom of the chute.
9. Insert I bolts into aluminum tube on top of the table and secure with washer and nuts.
10. Wrap the roller chains around the bottom of the sprockets of the spring shaft, then
around the top of the sprockets of the top shaft.
11. Slide the pin through the hole in the roller chain and attach the pin to the I bolts.
Elevator Platform (120000)
Assembly
1. Bolt the guide rails to the back of the table structure’s back legs.
2. Attach the free end of each roller chains to the elevator platform by threading 1/16”
steel wire through the final chain link and inserting the wire into holes drilled in the
elevator platform. Slide on the aluminum ferrule and crimp it.
3. Slide the track rollers of the elevator platform onto the track rollers.
Chute (130000)
Assembly
1. Use the Hand Drill with a step drill bit to make holes where necessary to connect the
chute to the four 1.5” X 0.5” rectangular aluminum sheets, to the two corner surface
brackets located on top of the table sheet (3.5” away from the edge of the front of the
table structure, slanted at the same angle as the chute), and to the two corner brackets
located at each end of the top 30” long aluminum tube located underneath the chute.
2. Attach 5 5-16 (2.5” long) fasteners each with 5 washers in spaced intervals on top of
the 30” long aluminum tube located underneath the chute.
3. Attach 1 5-16 (2.5” long) fastener each with 5 washers to vertically attach each of the
2 corner brackets to the 30” long aluminum tube.
4. Attach 1 5-16 (2.5” long) fastener each with 1 locknut to horizontally attach each of
the two corner brackets to the chute.
Gate Assembly (140000)
Assembly
1. Use 2 ¼-20 (.625” L) fasteners and 2 ¼-20 locknuts on each side of the gate
door to connect the 1.5” X 0.5” four rectangular aluminum sheets to the chute.

J-16

Appendix J: Manufacturing Plan Continued

Bagging Aid (150000)
Assembly
1. To secure the Bagging Aid, bolt four 5/16-18 hex bolts length 3 ½” with washers and
nuts through the four outer holes of the Table Top (151000) with the Table/Support’s
(170000) top holes located:
a. First hole from the left and the front.
b. First hole from the right and the front.
c. On the top left tubing and eleven holes from the front.
d. On the top right side and eleven holes from the front.
2. To secure the Flange (151300), bolt two 5/16-18 hex bolts length 3 ½” with washers
and nuts to the Table Frame.
a. Location: Table frame front top bar.
i. Align the Flange’s right hole with the eighth hole from the right on the
side.
ii. Align the Flange’s right hole with the twelfth hole from the right on
the side.
Adjustable Shelf (160000)
Assembly
1. Bolt two ¼-20 3” long bolts with washers and lock nuts through the Shelf Standard’s
(161000) top and second to the top hole to the Table/Support’s (170000) 3 rd holes
from the left and right side.
2. Attach the assembled Shelf Platform, Plastic Spacers, screws, and Shelf Brackets to
the desired Shelf Standard slots.

Wheels (190000)
Assembly
3. Insert wheel with square tubing (1.25” x 1.25”) attachment into bottom of front legs.
4. Secure with bolts, lock washers, and nuts.
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Appendix M: Design Hazard Checklist

Y

N

X

1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?
X

X

2. Can any part of the design undergo high accelerations/decelerations?
3. Will the system have any large moving masses or large forces?

X
X

4. Will the system produce a projectile?
5. Would it be possible for the system to fall under gravity creating injury?

X
X

6. Will a user be exposed to overhanging weights as part of the design?
7. Will the system have any sharp edges?

X

8. Will any part of the electrical systems not be grounded?

X

9. Will there be any large batteries or electrical voltage in the system above 40 V?

X

10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?
X

11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of
the system?

X

12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?

X

13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?

X

14. Can the system generate high levels of noise?

X

15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc?

X

16. Is it possible for the system to be used in an unsafe manner?
X

17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.

For any “Y” responses, on the reverse side add:
(1) a complete description of the hazard,
(2) the corrective action(s) you plan to take to protect the user, and
(3) a date by which the planned actions will be completed.
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Description of Hazard
Potential pinch points are
present in:
 the pully system for
the lifting
mechanism
 the chute door
 the track the
adjustable shelf
moves on
 where the lifting
mechanism platform
meets the chute.

Planned Corrective Action





We plan to enclose the lifting
mechanism pulley system.
We will pad the edges of the
chute door so that no painful
pinching will occur when closing
the chute door.
We will make the lifting platform
maximum height 4 inches lower
than the top of the chute, so no
hands can get stuck in-between.

Planned
Date

Actual
Date

Nov 4,
2021

Nov 18,
2021

The system will be made
from metal and therefore
could have some sharp
edges.

We plan to pad or smooth any edges that
could cause harm to the user.

Nov 4,
2021

Nov 18,
2021

It is possible for the user to
be harmed by this device if
used in an unsafe manner.

We plan to design this device to be
completely safe to use if it is operated for
its intended purposes.

Nov 4,
2021

Nov 6,
2021
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Appendix O: User Manual
This user’s manual includes instructions for device use and important safety information. Carefully
read this manual including all safety warnings before using the device. Please consult an adult for
assistance if there are lingering questions. This product is recommended for users at age 18 or older.

User
Interaction:

This device’s main sources of user interaction consist of the elevator platform, the
gate door, the adjustable shelf, the bagging aid, and the table structure. The only
person protective equipment is closed toe shoes.

General
Safety
Warnings:




Keep all body parts from sharp edges and corners
Keep all body parts from sharp protruding fasteners

Tools
Needed for
Maintenance:








Small crescent wrench
½” wrench
Standard set of hex keys (aka Alan wrenches)
Phillips and flat head screwdrivers
Pliers
Food-grade grease

Using the Elevator Platform/Lifting Mechanism
Operation
Use:

When the elevator platform is empty and at its highest position it will keep itself up.
To use the platform as intended, the user must push down with two hands near the
center of the platform, demonstrated in Figure 1. The platform will be harder to
initially push down, but it will become easier once it starts moving. It is
recommended for the user to utilize their body weight to push the platform down.
Once the user has lowered the platform to the desired position, they should insert
the T-handle pin through the hole in the side brackets and into one hole of the table
leg, demonstrated in 2. Only one side needs to be locked for the platform to stay in
place. Locking both sides is not necessary, and it will only take more time to lock
and unlock.
Once the user loads the platform with the produce bag, they can remove the locking
pin from its hole. If loaded with a 50lb bag, the platform will not move on its own.
The user must pull up on the platform with light force and it will move upwards.
Once the platform is raised all the way, the user can move the produce bag onto the
chute.
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Figure 1. Hand Placement for Pushing Elevator Platform Down

Figure 2. Demonstration of Locking the Elevator Platform
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Maintenance:

The most common issue will be keeping the friction throughout the system at a
minimum. The more friction, the harder the platform will be to push down.
Minimizing friction involves keeping the track rollers, chains, sprockets, and
sprocket bushings lubricated. These components are pointed out in Figure 3. All
these components should be greased with a food grade grease, such as Loctite Food
Grade Grease. Follow the directions on the container of lubricant for application.
The other common issue will be bolts coming loose, since there are a lot of fasteners
in the assembly. The user should routinely check the security of each bolt and
tighten them with the necessary tools, which will be some combination of wrenches,
a hex key, and screwdrivers. Bolt locations are in Figure 4. The chain attachment
positions are also pointed out in that figure. One end of the chain is held up by a
zinc-plated safety pin (different than the everyday safety pin) supported by two eyebolts. The other end is attached directly to the elevator platform with small-diameter
steel cable secured by two ferrules each. The safety pins should be inspected for any
bending, and the ferrules should be checked to see if they have become loose.
Finally, the user should occasionally check the lifting platform for cracks in the
HDPE sheets (more likely) and the aluminum structure welds (less likely). Cracks in
the HDPE should be critically examined. If too extreme, the piece should be
replaced. If minor, the user can cover the sharp edges with durable tape and
continue to use the platform but should keep a close eye on the crack(s).

Sprocket

Guide Rails

Sprocket Bushing
(bronze)

Roller Chain
Track

Figure 3. Locations of Greased Lifting Mechanism Parts
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Figure 4. Lifting Mechanism Bolt (Circled in Red) and Chain Attachment (Blue) Locations, on One Side
Safety
Warnings:





Keep all fingers, hands, long hair, loose clothing, and jewelry away from any
exposed part of chain and sprocket mechanism.
o It is recommended to tie back long hair and secure loose clothing before
operation.
If the platform is released from the bottom without a load, it will rise quickly,
which can cause minor injuries if it collides with anyone.

Using the Gate Door
Operation
Use:

The gate door requires the user to exert a small force on the door handle to move it
up, sliding on the U-channels. The gate door will stay up on its own while in
between the U-channels. The gate door will stop about 5 inches above its original
position because the small lock-nuts on the backside hit the top metal cross-piece.
To hold the ears of plastic bags, loop the ears around J-shaped hooks on both the
sides of the gate door. The J-shaped hooks and door handle are pointed out in Figure
5.
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J-shaped
Hooks (X6)
Door Handle

Figure 5. Gate Door, Located at Front of the Chute

Maintenance:

Safety
Warnings:

A simple cleaning wipe can clean produce stains on the gate door if necessary. The
user can tighten the fasteners of the gate door using a Philips screwdriver and small
crescent wrench. A hex key can tighten the fasteners of the J-shaped hooks. The Uchannel cross-piece is held in place with super glue, so if it comes loose, use super
glue to reattach it.



Keep all body parts away from protruding J-shaped hooks when not using
them to hold up a plastic bag.
Keep fingers away from the 11-inches long pinch point location between
the table structure and the gate door

Attaching the Gate Door
1. Slide the HDPE Gate Door into the two U-channels from the top. Use a hand to bend the top
cross-piece enough to let the lock-nuts on the backside to pass.
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Using the Adjustable Shelf
Operation
Use:

The Adjustable Shelf is to support paper or plastic bag bottoms to ensure they do
not rip under the produce’s weight.
Operation:
1. Someone will use both hands to pick up the adjustable shelf support on the
front on the sides or between the screws in the regions indicated by red
circles in Figure 8Figure in the attaching the adjustable shelf platform
section. Make sure hands securely grip the shelf support.
2. Once the adjustable shelf platform is properly gripped, place the shelf
brackets’ hooks into the adjustable shelf standard’s slots for the ideal height
as indicated in Figure 7 in the attaching the adjustable shelf platform
section. The platform will need to go into the slots at an angle with the shelf
bracket hooks pointed downward to ensure that they fit into the slots. Then
slowly lower the adjustable shelf platform downward once secured until it is
parallel with the floor.
3. Ensure that all four hooks are placed into the desired slots. This might
require two tries to determine where the platform needs to be ideally placed
for the bag depth. The height location will only need to change if the bag
depth changes. An example of a correct orientation is in Figure 6.

Maintenance:

For maintenance, make sure that the nuts are still tight over time. Ensure that the
adjustable shelf platform is free from any moisture since this might make the paper
bags wet and rip when transferred to the community members. Refer to Appendix H
for extra materials.

Figure 6. Adjustable Shelf Assembly in the Correct Orientation at Some Set Height

O-6

Appendix O: User Manual Continued

Figure 7. Adjustable Shelf Assembly Incorrect Orientation of Platform Due to Bad Slot Placement

Safety
Warnings:








Figure 7 above shows the adjustable shelf platform in the wrong slot
orientation where the hooks are not placed at the same standard slot levels.
This might not be secure enough in place, and it runs the risk of falling out.
Also, it might cause the bags to slide off the platform.
Additionally, the adjustable shelf platform has four exposed #6-32 3” screw
bottoms exposed underneath. While we grinded them down, volunteers still
need to be careful when they grab it to ensure they do not brush their hands
on them. It can be gripped on the side in between the screws or in the front
which might make it difficult to use.
Please make sure to not bend wrists during this process.
Also, the aluminum shelf support has an exposed edge, so be careful when
grabbing the device.

Attaching the Adjustable Shelf Support Platform
1. Grab onto the adjustable shelf platform in either two orientations such as on the left and rights
sides between the screws or in front of the platform indicated by the red circles in Figure 8. It is
suggested to have a secure grip until it is secured into the standards.

O-7

Appendix O: User Manual Continued

Figure 8. Adjustable Shelf Support Hand Grip Orientation for Step 1
2. Place the shelf brackets’ hooks into the adjustable shelf standard’s slots for the desired height as
indicated in Figure 9. This depends on the bag depth. The platform will need to go into the slots
at an upwards angle with the shelf bracket hooks pointed downward to ensure that they fit into the
slots. Then slowly lower the adjustable shelf platform downward once the hooks are secured until
it is parallel with the floor.

Shelf Bracket Hooks

Figure 9. Adjustable Shelf Assembly with View of Shelf Bracket Hooks in Shelf Standards
1. Lift up on the front of the platform at an angle to remove the adjustable shelf platform from
the standards.
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Using the Bagging Aid
Operation
Use:

The bagging aid was made to help keep a paper or plastic bag open while produce
falls into it. Figure 10 refers to the adjustable L bar cubby and adjustable L bar
assembly parts.
Operation:
1. A user will need to place the backside of the paper or plastic bag around requires
for someone to grab a paper or plastic bag around the flange’s bag side.
2. The individual will place the front side of the paper or plastic bag on the front of
the adjustable push pieces.
3. Then, the person will pull on the adjustable L bar assembly’s crossbar with both
hands straight forward to open the bag enough to allow it to fill with produce.
The bag should be tight around the flange and the front push pieces now as seen
in Figure 11.
4. For the plastic bags, the ears will be placed on the hooks which are on the gate
door’s sides.

Maintenance:

Ensure that the adjustable L bar assembly does not fall out of the adjustable L bar
cubby assembly. It beneficial to push the adjustable L bar assembly back when it is
not in use.

Adjustable L bar Assembly

Front Push Pieces

Crossbar (arrow points in pulling direction)

Figure 10. Bagging Aid Assembly of Metal Cubby Assembly and Adjustable L bar Assembly
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Back of bag looped
behind flange

Crossbar pushed
forward, front push
pieces holding front
of bag open

Plastic Bag Ears on
J- Shaped Hooks

Adjustable Shelf
for Bag Support
Figure 11. Bagging Aid in Operation with Finished Produce Bag

Safety
Warnings:





The manufacturing did smooth out any exposed sharp corners, so they
should not scratch to the touch.
Be careful with the adjustable front push pieces’ edges when wrapping the
paper or plastic bag around them since impact might cause a scratch.
Be careful not to hit hand against the flange.

Using the Table Structure
Operation
Use:

The legs on the table structure can be adjusted to varying heights to make the device
comfortable for all users. Figure 12 shows the location of bolts, pins, and the front
wheels. The outer and inner legs are attached by a pin. To adjust them, the user must
take the pin out of the hole, slide the legs to their desired position, lifting the corner
of the device if needed, and reinsert the pin.
To move the whole device around using the front wheels, the user should lift the
device from the back two legs and push the table structure forward. The user can
move the device by themselves, but sometimes a second person is useful for
directing the movement.
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Maintenance:

The table structure is connected entirely by nuts, bolts, and washers, which may
come loose after continued use. Tighten loose nuts with wrenches, hex keys, and a
Phillips head screwdriver where necessary.

Adjustable Legs

Adjustable leg pin
Wheels

Figure 12. Table Structure Locations of Bolts (Circled in Red), Adjustable Legs with Pins, and
Wheels

Safety
Warnings:




Sharp edges and protruding bolts may cut or bruise people
o Keep body parts away
Pinch points between metal tubes when adjusting legs
o Keep fingers away

Maintenance of Other Parts of Overall Device
The remaining parts of the overall device do not require active maintenance for long periods of time. If
other parts are unclean due to produce or dirt accumulation over time, the user can clean by using basic
cleaning wipes. The overall device should not be exposed to water or extreme weather conditions. It
should be stored in an environment with basic room temperature.
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Replacing or Repairing Parts of Overall Device
The overwhelming majority of the parts are replaceable with off-the-shelf components. There are no spare
parts, but they are available to be purchased from various venues such as McMaster-Carr if necessary. We
did give some spare fasteners when we handed off our device. The list of parts that can be replaced
through McMaster-Carr and other venues are in Appendix H: Indented Bill of Materials. If fasteners are
removed, the user can detach most of the old parts and reattach the new parts as replacements.

Some parts do require welding to be repaired or replaced, so discuss with a welding expert for any
welding needs. Also, some parts are not off-the-shelf and need to be manufactured. To repair or replace
these parts, consult with a person with expertise in manufacturing.
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Test Name: Specification #2: Strength

Purpose:
The purpose of this test is to ensure our device is capable of lifting a 50 lbf produce bag and holding 50
lbf of produce in the chute.

Scope:
The test is for the following subassemblies:
1. Lifting Mechanism
2. Chute

Equipment:
-

2 25-lbf bags of weights

-

Weight Scale

Hazards: (list hazards associated with the test)
Hazards

Responses

Pinch points

We will warn the user to watch carefully for this
hazard

Strain on User

We will carefully monitor the health of the user

Sharp Edges

We will warn the user to watch carefully for this
hazard

Produce Falling on Person

We will give medical attention to the user if this
hazard occurs

Device Falling on Person

We will give medical attention to the user if this
hazard occurs

PPE Requirements:
Safety glasses
Closed toe shoes
Facility: Cal Poly, Bonderson (Building 197)
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1) Weigh the two bags of weights on the weight scale to confirm that the produce bag weighs 50 lbf
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2) Lift the two bags of weights onto the lifting platform after initially pushing the lifting platform in
the downward direction and locking the lifting platform in position with a pin
3) Unlock the pin and allow for the gas springs to lift the elevator platform vertically up
4) Lift the two bags of weights
Results: Pass Criteria, Fail Criteria, Number of samples to test

Pass Criteria: The overall device can lift a 50 lbf produce bag and contain 50 lbf of produce in the chute
without failure occurring for each trial.
Trial #

Pass: Yes or No

1

Yes

Test Date(s): 11/09/21

Test Results: Pass

Performed By: Teng
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Test Name: Specification #3: Operation Time

Purpose:
The purpose of this test is to ensure our device’s lift assist can operate quickly, since minimizing the time
to operate is very important to our stakeholders.

Scope:
Test the speed of the lifting produce function, consisting of the lifting mechanism.

Equipment:

-

2 25-lbf bags of weight
Weight Scale
Stopwatch

Hazards: (list hazards associated with the test)
Hazards

Responses

Pinch points

We will warn the user to watch carefully for this
hazard

Strain on User

We will carefully monitor the health of the user

Sharp Edges

We will warn the user to watch carefully for this
hazard

Produce Falling on Person

We will give medical attention to the user if this
hazard occurs

Device Falling on Person

We will give medical attention to the user if this
hazard occurs

PPE Requirements:
Safety glasses
Closed toe shoes

Facility: Cal Poly, Bonderson (Building 197)
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Procedure:
Clarification: The “lifting process” for this test includes lowering the platform into place with a locking
mechanism, loading the produce, and lifting the produce back up. (In the test we will be able to quickly
load the produce, so it will not add much to the operation time. In practice, the loading will take longer due
to reasons out of our control)
1) Fill the carboard box with two 25 lbf weights. Place this box near the back of the mechanism, but
not under the elevator platform.
2) One team member at a time will do the operation, while one other uses the timer, and another
records the data. The last team member will observe. Each team member will do the lifting test 5
times to get a diversity of samples. Practice the lifting until each member is comfortable using the
mechanism quickly and safely.
3) As soon as the team member using the lifting aid pushes down on the platform to lower it, the timer
begins. That team member will push the platform down, load the box of produce onto the platform,
and then lift the platform up. The timer stops when the platform reaches its maximum height.
4) Record data in a table that looks like the table below. In the “Observation Comments/Other,” write
down any notes about the process that may be useful for design improvements or the user manual.
Any of the teammates can and should record comments if they have any.
Trial #

Time [s]

1

12.53

2

9.76

3

13.21

4

11.47

5

9.48

Average of Each Trial

11.29

Results:
Pass Criteria: The number of samples is 5. In order to be labeled as “Pass,” the operation time for that
sample must be less than or equal to 10 seconds. Otherwise, label it as “Fail”. If the average of the samples
meet the "Pass” criteria, the test is successful.

Test Date(s): 11/12/21
Test Results: Fail
Performed By: Jessie
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Test Name: Specification #7: Intuitiveness

Purpose:
The purpose of this test is to ensure our device is easy to use because the users will be individuals with no
extensive background knowledge of the device. We want most of the users to be able operate it with little
explanation.

Scope:
Test the user experience (specifically intuitiveness) of the functions:
1.
2.

Lifting produce (consisting of the lifting mechanism) and
Bagging produce (consisting of the gate assembly, bagging aid, and adjustable shelf).

Equipment:
-

25 lb of produce (onions or potatoes)
25 lb of extra weight
Paper Bags
Plastic Bags

Hazards: (list hazards associated with the test)
Safety Hazard
Pinch Points

Strain on user

Response
Device may have may places where fingers can
get pinched. If injury does occur, we will seek
medical attention.
This device is being used to lift heavy objects and
strain may be put on the user instead. If injury
does occur, we will seek medical attention.

Sharp edges

This device is made of metal and may have some
sharp edges. If injury does occur, we will seek
medical attention.

Produce falling on person

This object is being used to lift 50 lbf bags of
produce, which may fall off the device onto the
operator. If injury does occur, we will seek
medical attention.
This device is a large metal object. It may tip over
while trying to lift the heavy bags of produce. If
injury does occur, we will seek medical attention.

Device falling on person
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PPE Requirements:
Safety glasses
Closed toe shoes

Facility: Cal Poly, Bonderson (Building 197)

Set up:
1.
2.
3.

Place device and operation manual in an open space in Bonderson.
Place box of produce and bags next to device and lock wheels.
Place QR code for survey nearby.

Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1) Inform volunteers about the device and safety concerns.
1.
2.
3.
4.

What the device is intended to do.
The produce weight they will work with.
All the safety hazards that can occur.
The purpose of this test: we want to see how they interact with the device and share their
experience with us.

2) Ask the volunteer user to follow these steps:
1.
2.
3.
4.

Adjust the machine so that it is comfortable for you to use.
Lift the heavy box using the back of the machine.
Use the chute to roll produce down.
Fill four bags (two paper and two plastic) using the front of the machine.

3) Give the volunteers the QR code (?) for the Google Forms survey and ask them to fill it out.
4) Track number of passes and fails in results section.

Results: Pass Criteria, Fail Criteria, Number of samples to test
Pass Criteria: 12 of the 15 (80%) surveyed people must pass the survey (available on Google Forms)
which consists of answering 5 questions about the intuitiveness of the device on a scale from 1-10. The
survey has 50 maximum possible points. A survey with a passing score is one with an overall average of
70% (at least 35 points) or greater.
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Survey:
Rate your opinion on the following questions from 1-10, with 1 = strongly disagree and 10 =
strongly agree:
Q1) I can operate the device with the information given.
Q2) I can operate this device without supervision.
Q3) I felt little to no frustration while using this device.
Q4) I felt confident using this device after the initial experience.
Q5) I can teach someone else with no knowledge of this device how to use it.

Which component of the device was the most confusing/frustrating to use (if any)?
Which component of the device was the easiest to use (if any)?
Additional Comments/Concerns:
Participant Number

Pass

1

X (43)

2

X (43)

3

X (41)

4

X (48)

5

X (47)

6

X (40)

7

X (48)

8

X (45)

9

X (37)

10

X (46)

11

X (44)

Fail

12

X (32)

13

X (31)

14

X (43)

15

X (37)

Total

13

2

Test Results: Average passing score of 41.6, 87% of surveyed people passed, Test Passed
Test Date(s): 11/16/21
Performed By: Natalie
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Test Name: Specification #4: Input Force
Purpose: The purpose of this test is to see if the input force from the user to push down or pull up on the
elevator platform is 5 lbf or less. It is to help understand the ergonomics of the lifting mechanism.
Scope: It is to test how much the complete lifting mechanism helps the user’s movement of the elevator
platform. Only the lifting mechanism, frame, and wheels need to be assembled for this test procedure.
The presence of wheels is not crucial for this testing, but it will give more realistic behavior of the overall
device when it is fully complete.
Equipment:
-

2 25-lbf of weights
Force Gauge
Weight scale
Rope
Rectangular Wood Blocks

Hazards: (list hazards associated with the test)
Safety Hazard

Response

Pinch Points

Device may have may places where fingers can
get pinched. If injury does occur, we will seek
medical attention.
This device is being used to lift heavy objects and
strain may be put on the user instead. If injury
does occur, we will seek medical attention.
This device is made of metal and may have some
sharp edges. If injury does occur, we will seek
medical attention.
This object is being used to lift 50 lbf bags of
produce, which may fall off the device onto the
operator. If injury does occur, we will seek
medical attention.
This device is a large metal object. It may tip over
while trying to lift the heavy bags of produce. If
injury does occur, we will seek medical attention.

Strain on user

Sharp edges and corners

Produce falling on person

Device falling on person

PPE Requirements: (e.g. safety goggles, respirators)
-

Closed toe shoes
Safety glasses
Appendix Q: Test Procedures Continued

Facility: California Polytechnic University, SLO Bonderson high bay (Building 197)
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Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

Weigh the produce to check if it is 50 lbf.
Have the elevator platform in the highest position.
Place blocks of rectangular wood on the elevator platform.
Tie rope around the elevator platform to the hold the blocks of wood in place
Push the force gauge down to compress against one block of wood
Record data for five trials
Replace the blocks of wood with 2 25-lbf bags of weight and maintain the position of the
rope around the elevator platform and the 2 bags of weight
Maintain the elevator platform in the lowest position
Attach the hook of the force gauge onto the rope
Pull the rope upward
Record data for five trials for two scenarios: the force during the initial pull and the force
after the initial pull

Results: Pass Criteria, Fail Criteria, Number of samples to test
Pass Criteria: The user does not need to exert more than 5 lbf on the elevator platform while pushing
downward without produce and pulling upward with produce.

Number of Trials:

Downward Force Exerted on Elevator
Platform (lbf)

Trial 1:

69.6

Trial 2:

73.0

Trial 3:

67.2

Trial 4:

63.4

Trial 5:

71.6

Average:

69.0
Number of Trials (Initial
Pull):

Upward Force Exerted on
Elevator Platform (lbf):

Trial 1:

28.8

Trial 2:

29.6

Trial 3:

31.4

Trial 4:

31.4

Trial 5:

32.0

Average:

30.6
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Number of Trials (After
Initial Pull):

Upward Force Exerted on
Elevator Platform (lbf):

Trial 1:

26.0

Trial 2:

23.6

Trial 3:

25.0

Trial 4:

25.6

Trial 5:

25.0

Average:

25.0

Test Date(s): 11/12/2021
Test Results: Fail
Performed By: Annica Navarro
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Test Name: Specification #9: Mobility

Purpose:
The purpose of this test is to ensure our device is capable of both translating in motion and remaining
stationary because the device should be ergonomic and time efficient. The horizontal translation motion
should require at the most 5 lbf to occur, and the vertical pull motion should require at the most 25 lbf to
occur. The wheels should not move when locked.

Scope:
The test is for the following subassembly:
1.

Wheels

Equipment:
-

Tape Measurer

-

Force Gauge
Rope

Hazards: (list hazards associated with the test)
Hazards

Responses

Pinch points

We will warn the user to watch carefully for this
hazard

Strain on User

We will carefully monitor the health of the user

Sharp Edges

We will warn the user to watch carefully for this
hazard

Device Falling on Person

We will give medical attention to the user if this
hazard occurs

PPE Requirements:
Safety glasses
Closed toe shoes
Facility: Cal Poly, Bonderson (Building 197)
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Procedure: (List number steps of how to run the test, can include sketches and/or pictures):

Test for translational motion:
1) Attach a rope to wrap around the front of the table structure
2) Place the hook of the force gauge attached to the rope
3) Unlock the two castor wheels
4) Vertically lift the two back legs of overall device up
5) Pull on the force gauge in the horizontal direction to produce a reading
6) Record the horizontal movement reading from force gauge
7) Attach a rope to wrap around the back of the table structure
8) Place the hook of the force gauge attached to the rope
9) Lift the force gauge vertically up
10) Record the vertical movement reading from force gauge
Test for remaining stationary:
1) Place the tape measurer on the floor with the zero line coincident with the back of the overall
device
2) Lock the two castor wheels
3) Vertically lift the two back legs of overall device up with both hands at the back of the table
support structure
4) Push the overall device in the horizontal direction
5) Record the reading of the tape measurer
Results: Pass Criteria, Fail Criteria, Number of samples to test

Pass Criteria #1: When the wheels are unlocked, the overall design should move with no more than 25 lbf
in the vertical and horizontal direction required for each trial.
Pass Criteria #2: When the wheels are unlocked, the overall design should move with no more than 5 lbf
in the horizontal direction required for each trial.
Pass Criteria #3: When the wheels are locked to a stationary position, the overall design should not move
for each trial.
Trial #

Pass Criteria #1: Yes or
No

Pass Criteria #2: Yes
or No

Pass Criteria #3:
Yes or No

1

No (36.2 lbf)

No (8.4 lbf)

Yes
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Test Date(s): 11/12/21

Test Results: Fail

Performed By: Teng
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Test Name:
Specification #14: Chute Friction

Purpose:
The purpose of this test is to ensure that the produce can roll down the chute with little resistance due to
friction after applying a force on the produce. This is important because the ideal operation time of the
overall device should be as quick as possible. The maximum force able to be applied to the produce should
be 0.50 lbf accounting for uncertainties.

Scope:
The test is for the following subassembly:
1. Chute

Equipment:

-

1 piece of produce (bell pepper)
Spring Scale
Digital Protractor

Hazards: (list hazards associated with the test)

-

Strain on user
Sharp edges
Produce falling on person
Device falling on person

PPE Requirements:
Safety glasses
Closed toe shoes

Facility: Cal Poly, Bonderson (Building 197)
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):

Determining the force applied to move the produce down the chute:
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1) Measure the weight of 1 bell pepper
2) Tilt the chute so the back edge is 8.5° higher than the front of chute and measure the angle with a
digital protractor to confirm the 8.5° angle
3) Place the bell pepper at the top edge of the chute
4) Use the force gauge to pull the bell pepper down the chute with the force applied parallel to the
angle of the chute
5) Record the reading of the force gauge
6) Repeat steps 2-5 9 more times

Results: Pass Criteria, Fail Criteria, Number of samples to test

Pass Criteria: The required force to move produce down the chute is less than or equal to 0.50 lbf
(accounting for uncertainties as well) for each trial.

Test Date(s): 11/12/21

Test Results: Pass (Results were 0.22 ± 0.04 lbf)

Performed By: Jessie
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Test Name: Specification #15: Durability

Purpose: The purpose of the test is to ensure the device is durable enough to undergo the loads it would
face on an average day. We want to make sure the device can take these loads and will not begin to break
after facing them for an extended period.

Scope: Tests for number of deformations (cracks, dents, splits in material) on the device after 15 uses

Equipment:
•
•
•
•

5 potatoes
2 25 lb bags of rocks
Paper Bags
Plastic Bags

Hazards:
Safety Hazard

Response

Pinch Points

Device may have may places where fingers can
get pinched. If injury does occur, we will seek
medical attention.

Strain on user

This device is being used to lift heavy objects and
strain may be put on the user instead. If injury
does occur, we will seek medical attention.

Sharp edges

This device is made of metal and may have some
sharp edges. If injury does occur, we will seek
medical attention.

Produce falling on person

This object is being used to lift 50 lbf bags of
produce, which may fall off the device onto the
operator. If injury does occur, we will seek
medical attention.
This device is a large metal object. It may tip over
while trying to lift the heavy bags of produce. If
injury does occur, we will seek medical attention.

Device falling on person

PPE Requirements:
•
•

Safety glasses
Closed toe shoes

Facility: Cal Poly, Bonderson (Building 197)
Appendix Q: Test Procedures Continued
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Set up:
1) Acquire bag of produce and bags
2) Place device in an open area
3) Lock wheels
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1)
2)
3)
4)
5)
6)
7)
8)

Load produce on lifting platform
Place bag on bagging platform and adjust until it is open securely
Lift produce to top of chute
Pour produce down chute
Open the gate door and let produce fall into bag
Remove bag full of produce
Repeat steps 1-6 15 times
Inspect device for deformations and write down notes in test results section

This test could be run concurrently with other tests that allow for completing full lifting and bagging
cycles.

Test Date(s): 11/16/21
Results:
Pass Criteria: The test passes if there are 0 deformations on the device after 15 cycles of lifting and
bagging produce.

Trial #
1

Pass: Yes or No
Yes

Test Results: Pass
Performed By: Natalie
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